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Plained. | 


E are now arrived to that Part of 
Natural Philoſophy which treats 
of Vifon, and the various Phænomena 
of viſible Objects, by Rays of Light 
reflected from Mirrqurs, and tranſmitted 
through Lenſes, which conſtitute the Sub- 
jet of the moſt delightful Science of 

OpT1cs h 
| THE 


(CXXV) I. Outer is | divided into Two Parts, 
CArorrxics and DIDyTRICS:; the former treats of Vi- 
ſion by Light refleQed from Mirrours or poliſhed Sur- 
faces, and — latter of Viſion effected by Light tranſ- 

s the ſeveral 
Sorts in Uſe are the Plano-Convex A, the Double- 
Convex B, the Plano-Concave C, the Double-Concave 
P, the Meniſcus E, (which is convex on one Side, and 
concave on the other) and the Hemiſphere F. The 
Line G H, that is erpendicular to and paſſes through 
the Middle of each ens, is called the Axis of the Lens, 
and that Middle Point the Vertex of the Lens. * 

2. 


O71 65 
Tur principal Things here to he con- 


Adered are, Firſt, che Rays of Light; Se- 
condly, 


2. As Rays of Light fall on theſe Glaſſes; they are 
variouſly reflected and refracted, as above deſcribed in 
the Lecture. The Theorems which ſhew the different 
Effects of all theſe Glaſſes in reſiecting and refracting 
the Rays of Light, and forming the Images of Objects, 
are inveſtigated ſevetal Ways; one of which is by A- 

ebra. By this means Dr. Halley has raiſed a general 
T heorem extending to all the particular Caſes of ev 
Kind of Optic-Glaſſes of a ſpherical Form, and whi 


I have largely applied and exemplified in my Trratiſe 1 


3. Another Method of doing this is by Fluxions; 


which is eaſy and univerſal, comprehendin all the Caſes 


of Mirrours and Lenſes of every Form. This I propoſe 
to exhibit and illuſtrate here fr Variety, and for the 
Genuineneſs and Excellency of this Method above all 
others, it depending on Principles that are more of a 
pa ad than of a Mathematical Nature; It is ag 
ollows. _ $525; ip | 

4. Let VBG be the Section of any curved Superfi- 
cies of a Medium VGH I. V the Vertex, and Al 
the Axis of the Curve V G. From any Point in the 
Axis A let a Ray of Light A B be incident on the Me- 
dium in B, which ſuppoſe refracted to a Point F in the 
Axis. Then, by having given the Diftance of the ta- 
diating Point A D, and the Sine of Incidence B D, we 
are to find the focal Diſtance VF after Refraction. 

5. To do this, from the Point B let fall the Perpen- 
dicular BD to the Axis; and putting AV d, A B=z, 
B F = u, VD x, BD=z, and VF =f, then will 
DF =f—x, ADS AT, NN , 
and v g V ===; and therefare in 
„ ere 


Fluxions we have = \ 777 4 +2 Fand 


= hoax 


* 2 TT 
8 B 2 6. But 


Plate 
XLII. 
Fig. 7. 


O 1 C 8. 


{EQ \ ' | 
. condly, the Glaſſes by which they are reflected 
and refratted ; Thirdly, the Theorems or Laws 
5 relating 


6. But s and + being the Fluxions of the incident 
and refracted Rays, will repreſent their Velocities before 
and after Refraction, which Velocities we have ſhewn 
{ Annot. CXVII.) are as the Sines of Incidence and Re- 
fraction mand n; whence à : :: m: n. And from the 
Nature of Refraction pp explained) -it is manifeſt 
that while the incident Ray increaſes, the refracted Ray 
decreaſes ; therefore their Fluxions muſt have contrary 
Signs, viz. + 4, and — . Whereforez : — :: 
n ooo ft eo pen 
VIV’ NN - 2 T= 
2 . ö 
7. Now becauſe in thoſe Mirrours and Lenſes which 
are of common Uſe in Optics we regard only the Fo- 
cus of thoſe Rays which fall very near the Axis, in 
which Caſe the Arch B V is very ſmall, and therefore 
VD=x=o nearly; therefore x x and x & may be re- 
jected, without ſenſibly affecting the Value of the Ex- 
preſſions; —_— * : 7 VT Þ+f* 

_ Wt POE 7 A | 
an O n N T4 

8. From which Equation we ſhall find F F V, in 
any Curve VG from the Equation expreſſing its Nature. 
Thus if V G be a CIRCLE, its Equation is yy =27 x 
—xx, (where CB=r = the Radius) the Fluxion of 
which is yy r #—x#X; and ſince x S, we have 
vy e, yy =r x, and, ſubſtituting theſe Values in the 


general Equation above, we have m X = = = X 
e 4 c | $0 © gs . ea F F d. 
EE, and, dividing by x, m * 7 N 


therefore m df —mdr =nr f+ndf, and thence 


mar 
= — = VE. 
md——nd—nr f 


9. If 


OrTics. 


relating to the Formation of” the Images. of 
Objects thereby ; Fourthly, the Nature of Vi. 


9. If the Medium be Glaſs, then m: 1 :: 3: 23 


therefore ge, = f, And far parallel Rays 4 By 
where d is infinite, we have 3 = I =3r= 
Ff=VF. But in Water, where m: 1 :: 4: 3, we 
have f = f, and 47 =f=V F, for parallel 
Rays  B. | 


10. This. Theorem (in Art. 7.) may be alſo adapted 
to the ELLIPs1s, the Equation of which Curve is yy = 
Denne 
2 which in Flux ions is y5 = — and, 


putting x = e, we have yy=0, yj , which Va- 
GIG 3 

lues ſubſtituted in the general Equation give 225 =Ff; 

and when d is infinite, or the Rays parallel, then 2 = 


4 
VF, the focal Diſtance of the Ellipſis V G, a fourth 
Part of the Latus Rectum from the Vertex, for the Sun- 
Beams, The Expreſſion is alſo the fame for an Hy-/ 


PERBOLA V GC, becauſe only == is affected with a 


different Sign, and vaniſhes in that Equation alſo, 
11. If VG be a PARABOLA, its Equation is yy = 
þ x, and in Fluxions 255 = p; whence, fince x = o, 


we have yy =0, yy = ＋ , Which ſubſtituted as before | 


give 32 =f; and in caſe of parallel Rays, of the 


Sun-Beams, £. = V, the Focus or Burning-Point of - 


the Parabel. 
B 3 12. Hence 


Oyrraics, 


Jon, and Structure of the Eye; and Fifthly; 


' the Structure and Uſe' of the principal Optical 


Inftruments, 
Tur 


12. as we 1 that in the Circle V G, whoſe 
adius CB is equal to half the Latus Reftum of the El- 
ipſis or Parabola, viz. r = 12 the Focus will be at 

the ſame Diſtance from the Vertex V, or V F will be 


fhe ſame in all; for then'it'is 22h = = HL. 


all the Curves, and Suanly" e Circle, Ellipfis, and 
Parabola, have all the ſame Degree of Curvature at the 
Vertex V in this Caſe... 

13. When d 2, or d = = J'y then the focal Dic 


tance F _ * — 2 — 2 = V F becomes infinite ; that 


js, if the Radiant Point A be at the Diſtance of the 
Diaineter of the Circle, or the Parameter of the Conie 
Section from the Vertex V of the Medium of Glaſs, 
then the Rays. will N refracted 1 rallel to the Axis, 
And, vice verſd, parall 5 Rays will be refracted from a 
Subſtance of Glaſs by a ſoherical Surface to the Diſtance 
of the Diameter of the + phere ; or from an elliptical or 
parabolical Surface to — Diſtance of the Latus Rectum, 
from the Vertex V. 

14. After the ſame Manner we expreſs the ſeveral 
Caſes of a Spherical, Elliptical, or Parabolical reflecting 
Surface VB G, that is, ſuch a one where the e | 
Ray AB. is reflected from the Point B inſtead of bei 
refracted; and then ſince the Angle of Incidence AB 
is equal to the Angle of Reflection LB K, the Ray KB 
will be ſo reflected from the Point B as if i it came from 
a-Point F in the Axis, and therefore 7 3 F we 
muſt conſider as the Pegus of reflected 1 this 
Caſe the Velocities of the ĩneident and r Ad R ays are 
the ſame, via. & =@ and both affirmative ; alſo s. 


2 4 


+” 
uy 


nd . nad Hed ood , . wa, 


e 
TAE Rays of Light are diſtinguiſhed i into 


three Sorts, _ Para Converging, and 


Drverging 

or, putting x , yy e, and yy rA, or =3þ xz 
EPL, | T , 24. 0435's 4 qr 

(as above) then this general Theorem 2 


=f=VF, in the Circle; | V, in 
=f= mT" , 

the 2 Hyper bola, and Parabola. _.. 

fd, or A V, be infinite, as in anale Rays, 

dr ar 

© then 2 = 
VF, in the ſpherical convex Mirrour VG; but if the 
ſaid Mirrour be Elliptical, Hyperbolical, or Parabdlical, 


then 1 => VF. But becauſe the Rays 


B K do not an Loe from the Point F, that 
Point is in this Kind of Mirrours called the Virtual 
Focus, 

16. If the Radius BC of the convex Mitrour be 
infinite, the ſpherical Surface VBG will become à Plane, 
viz. a plane Speculum or Looking-Glaſs, as VB Gin 


the following Figure; and the Theorem Lach TT . 


=d=f=VF, that is, AN equi © NT of d 
incident Ray AB is ſo reflected at 

came from a Point F, juſt as far behind the Glaſs az the 
Radiant A is before it. 

17, Furthermore, if r= BC be ſuppoſed greater 
than Infinite, or from affirmagive to become negative, 
the Centre C will then lie on the contrary ide. the Spe- 
culum VBG will become concave, and in the Theo- 
rem above, r muſt have a negative Sigh, which then will 

— Ar 


be Z. = VF, which ſhews- that in concave 


Mirrours, when d is leſs than , r, that is, when A V is 
leſs than CV, the Focus Fg will be affirmative, or on 
the ſame Side as before; ; or the Ray AB will be fo re- 

B 4 fected 


into B'K \ if K ' 


Fig. 10. 


the Sun's Rays, and is the Solar Focus above mentione 
Oiverging Rays have their Focus at a Diſtance from the 


.Oprics. 


Diverging Rays. Parallel Rays are ſuch ag 
in their Progreſs keep always an equal Dif- 
Sri _ tance 


flected at B into BK as if it came from a Paint F be- 
hind the Speculum, ao 

18. When d = Ar, or AVS = ACV, then is the 
Focus F at an infinite Diſtance, the Theorem then being 


= V; ſo that in this Caſe all the Rays A B will 


be reflected parallel to the Axis, as B x. But when 4 
is greater than 4 7, then the Focus F will be negative, 


or it will be * 2 5 — f. | Wherefore in this Caſe 
the Focus F will be on the ſame Side with the Radi- 
ant A. | | CESS 
19. Laſtly, when d=r, then alſo f=r; that is, 
if the Radiant A be placed in the Centre C, the Focus 
F will be there too; or, in other Words, Rays pro- 
ceeding from the Centre will be reflected back upon them. 
ſelves. | 
20. On the contrary, (in all theſe Caſes) converging 
Rays K B are reflected to a Point in the Axis leſs dil- 
tant than 1 CV, or half the Radius. Parallel Rays 
KB are reflected to that Point F of the Axis where F 
=: CV. This will therefore be the Burning Point if 


Vertex V, greater than half the Radius CV. 
21. If VBG be an Ellipfis, Hyperbola, or Para- 
þela, the Theorem is faund in the fame Manner to be 


= = V, in concave Speculums of this Sort; and 
all that has been ſaid with reſpe&t to d and r in the 
ſpherical Speculums, is true of d and ; pin theſe, Thus 
when d = p, the Rays will be reflected parallel to the 
Axis; and on the other hand, parallel Rays will be re- 


flected to a Point in the Axis whoſe Diſtance from the 


Vertex V is 3 p. Thus the Sun's Rays are collected at 


the Diſtance of one Fourth Part of the Parameter (in 
"5; ol each 


. 
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the Sun's Rays, and is the Solar Focus above mention 


Oyrics 


Drverging Rays. Parallel Rays are ſuch ag 
in their Progreſs keep always an equal Dif- 
Bagh | tance 


flected at B into BK as if it came from a Paint F be. 
hind the Speculum. | | 

18. Whend=4{r, or AV=3CV, then is the 
Focus F at an infinite Diſtance, the Theorem then being 
— 


„ z ſs chat in this Caſe all the Rays A B will 


be reflected parallel to the Axis, as B X. But when 4 
is greater than 4 1, then the Focus F will be negative, 


7 Wherefore in this Caſe 


the Focus F will be on the ſame Side with the Radi- 
ant A. | == 

19. Laſtly, when d r, then alſo f=r; that is, 
if the Radiant A be placed in the Centre C, the Focus 
F will be there too; or, in other Words, Rays pro- 
ceeding from the Centre will be reflected back upon them. 
ſelves. 

20. On the contrary, (in all theſe' Caſes) converging 
Rays K B are reflected to a Point in the Axis leſs'dil- 
tant than 1 CV, or half the Radius. Parallel 5 
KB are reflected to that Point F of the Axis where F 
= CV. This will therefore be the Burning ome þ 


— 7 


or it will be 


* 


Diverging Rays have their Focus at a Diſtance from the 
Vertex V. reater than half the Radius CV. 

21. If VBG be an Ellipſis, Hyperbola, or Para- 
bela, the Theorem is faund in the fame Manner to be 


2 V in concave Speculums of this Sort; and 
all that has been ſaid with reſpect to d and r in the 
ſpherical Speculums, is true of d and ; p in theſe, Thus 
when d = p, the Rays will be reflected parallel to the 
Axis; and on the other hand, parallel Rays will be re- 
flected to a Point in the Axis whoſe Diſtance from the 
Vertex V is 3 p. Thus the Sun's Rays are collected at 
the Diſtance of one Fourth Part of the Parameter ( an 
CY » 


' 6 IT 2/4 I 10A 


Tr d ar bo yp 


P : 1 


Of? Tzes. 9 


tance Fn each other, as ABD C; ſuch Plate 
as are the Sun's 2x in their natural State, XLVIN, 
with Fis· 4 


each gection) from the Vertex; and as this i is the. Burn- 

ng Point, we ſee the Propriety of its being called the 

Focus of thoſe Curves, | 

22. As within the Curve of an Ellipſis VG vH there plate 
are two of thoſe Focus's, tis obſervable, that if the Ra- X L111, 
diant A be in one Focus, the Rays will be reflected to. Fig. 1. 
the other at F, wherever the Point B be taken in the. 
Perimeter of the Ellipſe. For in this Caſe V v = a, 

Av= 4 A PSY Tb, (for PP =p) AV =d=a 

_ dFV=Av=f==s; therefore writing 

42 — x, 1 ah for d and — f, in the Equation above, 


we ſhall have 2 =— x, and ſo 4a x—4 


xx=þa, ora - Apa, which is the known 
apy of the Ellipſis. 

. And the — thing holds with reſpect to the 
Foct of the two oppoſite Hyperbola's VB and v; for 
if the Radiant be in the Focus A of one, any Ray AB F ig. 2. 
will be ſo reflected into B K, as if it came from the 
Focus F to the oppoſite Hyperbola vb, as is evident in 
the Figure. In the Parabola V B G, if the Radiant be 
placed in the Focus A, the refleRted Ray s BK, tendin 
to the other Focus at an infinite Diſtance, will be | 
parallel to the Axis V C, agreeable to what is ſaid 
above, Article 21. 


dr ; 
24. If we reſolve the Equation — = f, into 


an Analogy, we ſhall diſcover that the Axis of the Mir- 

rour is divided harmonically in the Points V, F, C, and 

A; or that it is AV; AC:: VF: FC. For ſuppoc- 8 
ing it to be ſo, we have 2 : darauf: r = , which | 


7 V in che con- 


Fig. 3. 


gives us the above Theorems = — 


1 


vex Speculum; and 2 F, in the Concaye, This 


* 
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Fig. 4. 


euridus Property of Speculums was firft diſcovered by 


out of Glaſs into Air, we muſt uſe the Ratio - inſtead 


Oprres. 
with reſpect to Senſe. Con verging Rays 
are ſuch as in their Progreſs approach 
Es nearer 


the late Mr. Diiion. | 
25. We now proceed to apply this Method to Diop- 
trie Problem, that is; to find the Focus of Rays refrac- 
ted through any Sort of Lenſes. To this End we muſt 
recollect, that in Article 8. we had mdf — m dr = nrf 
+ ndf; whence deduce this other Equation ® = 4 
AC vx 1 
x {= 75x IV* orga in Words in thus expreſſed - 
The Ratio of the Sine of Incidence to the Sine of Refrac+ 
non is compounded of the Ratio of the Diſtunces of the 
Foci A and F from the Centre C, and of the Ratio of their 
Diftanes from the Vertex V. | 


26. If then we conſider B 5 (in the double convex — 
Lens V D v) as a converging, Ray refracted from Glaſs . 
into Air, we ſhall find the Diſtance vf, at which the f 


refracted Ray b'f ſhall interſect the Axis of the Lens, by 
the Rule in Article 25. Only here we muſt conſider, 
that the Point A will be nega e, or on the ſame Side 
with the Focus f, viz at A. And as the Refraction is 


m n Ac fo 
r _m_ 7 


> — N 244i; 4 ; 2 20 

27. Let the Thickneſs of the Lens be VV gt, and 
vf f; alſo let the Radius of the ſecond Surface be 
a nen 1 f 5 
cb = F7/ AY = 3 whence 12 
N r—pft—natr. 3 8 ICY 
Sar Lni=s uf the ocal Diftance required, 
But if the Thickneſs # be inconſiderable, as it commonly 


„rr. 


whence 


o 


e 


OrrTics, 
nearer and nearer to each other; all of 
them tending towards à certain Point F, 


where 
m fr 8 My 
whence f= - = | which 
es f = | 
n e e 


—= = 
and puttitig q; wehivef= — T - | 
But in Glaſs, 7. g= HY ; and if we r the 2 
equall; convex, or r r, We have f = = = f, 


the focal Diſtance of the Ray A B after paſſing through 
the Lens,- as required, 


28. If 4 be infinite, then r ; therefore paralte 
Rays, or the Sun-Beams, will be collected in a Point 


whoſe Diftances from the Lens is equpl to the Radius 


of Conyvexity, | 
29. If one of the Radi 7, r, . the Lens 


will be a Plano - Conde, and f — oa ; and fr, pa- 


rallel Rays where d is infinite, f = SA. 

. both the Radii be infinite, the "Bok then is no 
tr than a plain Glaſs terminated by two parallel Sides; 
and the Focus f will be at an infinite Diſtaiice for paral- 
kl Rays, or they will be parallel after Refraction: as 
they were before. 

Zr. If one Radius r be infinite, ard the other ne- 
gative, then will the Lens de a Plano-Cneatt chen 


will the Theorem be 7 7 at * =gahich is 0 therefore dog 
gative, or the Rays . diverging 225 Refradtior ion. 
When dis infinite, the Ffeorem is —.— E. — 2 1 


= f, or parallel Rays diverge Mt « Peht F/ at the 
Diſtance of twice NY of Cancavity.... 

32. If both of ce Kalt be negative, the Lens be- 
fomes. a Pęuble Congave ; and if d be infinite, 5 — 


* 


12 


Plate 
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Fig. 1 I, 
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OyrrTics. 


where they all unite; as the Rays of the 
Sun collected by a Glaſs, as CDF. Di. 


verging 


Radi 3 VIZ, r=, the Theorem then is — = a 
=L=mr=—g, ſo. that parallel Rays, or the 


Sun-Beams, Ss fo refiated through a double and 
equally concave Lens, as if they proceeded from a Point 
f at the Diftance of, the 1 of Concavity from the 
Vertex of the Lens. 

33. If one of the Radii, - as 7, be affirmative, and 
the other. r negative, the Lens becomes a Meniſcus, 


and the Theotem' then is ACTS x earn, LION f; 
'dr—dr © — 


which ſhews that when v r, and d is infinite, the 
Focus f is at an infinite Diſtance, or the Rays are pa- 
rallel after Refraction as before, as in the Caſe of a 
Watch'Glaſs — If v be greater than r, or the Conca- 
vity leſs than the Convexity, the Focus f will be affir- 
mative, or Parallel. Raye” will be converged to a real 
Focus; but if r be leſs than v, the Focus f will be 
negative, or parallel 258 will proceed diverging after 
Refraction. 

34. We now proceed to determine the Poſition, 
Magnitude, Form, Cc. of the Images of Objects 
formed by Mirrours and Lenſes, having firſt premiſed, 
that the Image of an Object always appears in the 
Place from whence the Rays diverge after RefleQion 
or Refraction; or in other Words, the Image appears 
in that Place, which we have hitherto called the Fo- 
eus of the Rays. This Sir Iſaac Newton has delivered 


as an Axiqm, as being very evident, becauſe the Spe- O 

cies, or ſeveral Points of the Image of an ObjeR, are te 

4 to the Eye by the 4 Pa or refracted Ra fl 
. Let A Ve be a reflected Speculum, C its Cas d] 

at * B its Axis, F the ſolar Focus; and let O B be W 

an Object at the Diſtance VB; through the Centre C 

draw O A, which as it is perpendicular to the Specu- I 


lum \ 


*. 


0 


Op rres. 


verging Rays are thoſe which proceed from 


a Point, as F, and in their Progreſs re- 


cede 


jum will be reflected back upon itſelf, and therefore the 
proper Focus of the Point O will be in the Line A O, 
and that of the Point B in the Line or Axis BV. 
Thoſe focal Points are eaſily found, thus: Draw OV 
and VD making equal Angles with the Axis VB; 
alſo draw BA, and A E, making equal Angles with 
the Axis O A; then ſhall thoſe two refracted Rays 
VD and AE interſect the Perpendiculars O A and B 

in the Points M and I, which will therefore be the fo- 
cal Points where the Repreſentation of the extreme 
Points O and B will be made; and conſequently all 
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the Points between O and B will be repreſented be- 


tween M and I, and therefore the Line I M will be 
the true Repreſentation or Image of the Object O B. 

36. Hence alſo 'tis eaſy to obſerve, that the Poſition 
of the Object OB is inverted in the Image IM, and 
conſequently the ſame Parts of the Object and Image 
are on contrary Sides of the Axis in a concau Mirrour, 
where the Rays have a real Focus, or form a real I- 
mage: But in a convex Mirrour, where the Rays have 
no real but an imaginary Focus, or form not a real 
but an apparent Image, no ſuch Inverſion can happen, 
but the Object and 3 both appear in an erect Po- 
ſition, as is eaſy to underſtand from the Figure. 

37. Again; the Object and Image are commutable, 
or may be taken the one for the other in the Schemes. 
Thus if O B be the Object, then IM will be its 
Image; but ſuppoſing I M the Object, then will OB 
be its Image. | | 
38. Hence alſo it appears, that if IM repreſent an 
Object placed before a convex Mirrour nearer to the Ver- 
tex V than the Solar Focus F, the Rays will be fo re- 
flected as to form an apparent Image Q behind the 
Speculum ; and this Caſe will be every way the ſame 
with that of the convex Speculum reverſed. 

39. It is farther obvious, that the Object OB and 
Image I M ſubtends equal Angles, both at the Vertex 
V and Center C of the Mirrour, whether concave or 

. Convex ; 


Ortrcs 
ode From-vne"ancthcr towards the bes 7. 
| TRE 


convex; for at the Vertex the Object O B ſubtends 
the Angle OVB=BVD or IVM, which the]. 
mage Tubtends, (by Art. 35.) And at the Center C, 
the Angles OCB and I C Ni, under which the Object 
and Image appear, are equal, as is evident by Inſpection, 
they being vertical to each other. | 
40. Therefore the Triangles OVB and IVM, allo 
the Triangles O CB and I CM, are ſimilar, as having 
all their Angles reſpectively equal; therefore e hat 
OB: IM VB: VI; alſo OB: IM:: BC: IC, 
That is, the Lengths of the Object and Image are pro- 
portional to the Diſtances from the Vertex or Center 
„ eee O=0O 
1. Hence in Symbols (putting O == Obj 

and = Image), we have O:1:24:F; — 

| . 9 0 | 
i =f=—— 5 therefore O 1 : 24 — . 
Wherefore, by having given the Radius of the Specu- 
lum, you may place the Object at ſuch a Diſtance, 
that it ſhall have any given Proportion to its Image, 
as that of m to n; for then, fincem:n::2d—r:r, 
we have m =2dn—ra,andmr+rn=24dn; con- 
m 


— for a concave Speculum, ani 


fequently, I = r X 
dr ——= for a Convex one. 


A cy 

42. From hence it is manifeſt, no Object can be 
| magnified by a convex Speculum ; for, becauſe in that 
Caſe u is greater than m, r X 7 would be a nega- 
tive Quantity, and ſo d would have a negative Value, Wl fp 
which is impoſſible, And when m = n, then d = 0; 
or the Object and Image are then only equal, when as 
they coincide at the Vertex of the concave Mirrour. ap 

43. In a concave Mirrour, while m is greater than , 1 


, 7576 


— 
hg 


EO ATEOTRG © ner 


— 
— 


„%% a 


Oerrzes. 
Tux Point F, where the Rays are gol- 


lected, is call d che Fagul, or burning-Point, 


be- 
it is plain the Diſtance d of the Object is greater than 


the Radius r of the Mirrour, But when mz = un; then 


= 7; or the Object and Image are equal in the Cen- 
ter of the Mirrour. When is leſs than n, or the Ob- 
ject is magnified, then 4 ĩs leſs. than . Now this may 


be done two different Ways In a, concave Spgculum ; 


for = may be affirmative, or the Image real and form'd 
: | m NN 


before the Glafs, then 4 =7 K =; or » may be 


negative, or the Image only apparent and repreſented 
; ; 0) ot 10 go 5, i 
behind the Mirrour, then d = r X —=7" 4 in which 


Caſe, *tis plain, the Object cannot be diminiſh'd, But 
laſtly, if u be infinite in refpe& of n, then nn, 
or r = 2 d, that is, 4 = f Or when the Obfeck Is 
placed in the Solar Focus, the Image is form'd at an 
infinite Diſtance, and infinitely large. 35482 
44. Such are the Theorems for Specula; thoſe for 
Lenſes are raiſed after à like Manner. For let G. VA 
be a double and equally convex Lens; C its Center, 
or CV the Radius of Convexity 2 r; OB an Object, 
EV its Diſtance (in the Ax of the Lens) = d, IM 
the Image, and F V = 7, the-focal Diſtagce at which 
it is formed. Then as the Point E in the Object 


is form'd in the Point F in the Axis of the direct 


double Pencil of Rays EGFA, ſo the Point O will be 
form'd at M in the Axis of the Pencil OGMA ; and 


ſince theſe two Axes croſs each other in the Middle of 


the Lens at V, therefore the Points O and M, and (for 


the ſame Reaſon) B and J, will be on contrary Sides 


of the Axis EF, and conſequently the Image in re- 
ſpect of the Object is inverted, ... 
45. Becauſe the Angles OV B and IVM are equal, 
as being vertical, the Object and Image have the ſame 
apparent Magnitude if 'view'd from the Vertex of the 
Lens V; and are in Proportion to each other as their 


Diſtances from the Lens, that is, OB: IM :: VE: VF. 


40. Hence, 
2 


45 
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becauſe there the Sun's Rays, being united 


great- 
46. Hence, if (as before) we make OB: IM:: : 


»::d:f, ve bare f Ne, whence m : n :: 


d—r : r; and ſo mr = dn— rn, ormr +rn=dn;- 


wherefore d= r X -. If n n, then 2r = d; 


and if u be infinite in reſpe& tom, r d. And if n be 
negative, or on the ſame Side of the Lens with the 


ObjeR, then d = r X ——==, which ſhews the Object 


in that Caſe is pm ay ifiec. 
47. If the Lens be a ſingle or double Concave, the 


Rays cannot be converged to a Focus, (as is manifeſt 
from Art. 32.) and conſequently no real Image can be 


form'd, but only an imaginary one; and becauſe it is 


in this Caſe d—=r N 


e 'tis plain when m = n 
then d r*, r, that is, the Image can only be 
equal to the Object when they coincide at the Lens. 


ſtrait Line, but a Curve; for let VE = d, V 
andVO = , VM=f; then fince —< =, and 


dr dr 5 Hf 
3 we have f: f:: T 2 1 but if 
IFM were a Right Line, it would be F: f:: d: d. Nei- 
ther is the Image of a circular Form, unleſs the Ob- 
ject be ſo; becauſe in that Caſe f = f, which cannot 

but when d=d, or VE = VO; ſo that if the 
Object be the Arch of a Circle, the Image will be the 


48. The Form of the Image IFM is not Sv? 
=, 


Arch of a Circle concentric with the Object, or elſe of 


a Conic Section, as before obſerved of Images form'd 

by Mirrours, Art. 36. . | 
49: If the Object be a Surface, the Image will be a 

Surface ſimilar thereto ; and ſince Surfaces are — du- 
| | plicate 


within a very ſmall Compaſs or Circle, are 


Orrres- 


greatly conſtipated and condenſed, by 
which means nn or Heat is pro- 


e 


plicate Proportion of their like Sides, ( Anno. * trt. 3. 
therefore m: n :: OB: IM“, in this Caſe. And if : 4 
Object be a Solid, the Image ll bea in Solid, and 
— will be in the tiplicne Pro 1 of thetr. homo- 
logous Sides; whence.m A 3 Man, >: | 
50. Though Speculums and Linſe are of moſt gen 

ral Uſe in 2 yet it will de — £ = 
Property of a Glebe or Sphere, as Ki 0 * Sou Hemi 
here, with reſpe& to their” Powet of erging the 
Rays of Light to a Focus, If CheveTBre in de Theo- 
rem of Art. 25. we put == Diameter of the 


Globe; and becaufs E #, we fall bye L 


2 4A , 


S2, the Focus of diverging Rays; and when d is in- 
finite, the Theorem WE === —2 f=V f. There 


fore a Globe of Glaſs will converge the Rays of the 
Sun to a Focus at the Diſtance of half the Radius, 

51. But in caſe: the Globe he Water, then in the 
aforeſaid Theorem we have m 4, 1 3, and, the 
reſt as before; n Reduction it will become 


2 — 2 15 for Bi Rays; and for paral- 


Jr 
lel Rays, where 4 is ene, we ef! juſt 
twice as large as in GlaG. WR 


52. In an Hemiſphere of Glaſs, wen the convex 
Side is turn'd towards the Radiant, 1225 r infinite, 


and ft r, the Theorem will become Lage-. =fj 
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the focal Diſtance of diverging Rays; but fo for parallel 


Rays it becomes =——- We == T=. 
53. 17 the plane Side of the Hemiſphere be turned 


howards the Radiant, the Theorem for diverging 0110 


Vol. III. C « 
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. "therefore the Triangle H B 


being towards the Radiant, we have 


A 


Orr L C:%' 


portionably Increaſed, and therefore Ob- 
jects poſited in that eee be oy 
_— . or melted. 


eee e ge, 
—2 


44— 12 7 =ſs 


and for parallel Rays it 9m Lene But if the 


Radiant be oppoſed to the plane Side, then 37 . 
greater by 2 f than before. 


"55. We have hitherto conſidered the ons of 


Wer Bodies only, with reſpect to their Ae re- 


a Ray of icht; let us now conſider 
ol Refrain i in Bodies whoſe Figures are derived. 
— the Curves of the Conic Setions.. In order to this, 
let DBK C de an Ellipſis, D K. its tranſverſe Axis, 
H, 1, its two Foci, and A B a Ray of Light parallel to 
the Axis be incident on the Point B. Let BE be a Tan- 


gent in the ſaid Point, and LG drawn ER 
bb che Tangent through the Point B; join HB and IB 


make AB IB, and from the Points A and I ler fall 


the Perpendiculars AL, IG, on the Line L G/z-pro-'. 


duce I B to O, — parallel to LG. +, 

45 Then in the. ſimilar Right-an led \Trian es 
ALB, IN G, we have AL : NO. 

NI, RS, AB ZIB. But. IB: Ni 105 TH. 
becauſe of the ſimilar Triangles BN and OHI. Again, 
the Angle HBG=GBI fom the Nature of the Curve; 
whence GBI r 2H BG) = BHO 
is lle, or. BH= 


| BO. But IB+BH=DK, per Cn; therefor 


* 


=r=2r=f; which js =, greater than befory 


Hed PATE PPD 


mm a >. re 19v-=- 
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Or GLAssESs there are two Kinds, viz. | 


Mirruurs, and Lenſes. A Mirrour or Specu- 
Jum is that, which from one poliſhed Sur- 
face reflects the Rays of Light ; and theſe' 
are either Convex,» Concave, or Plane, as will 
be ſnewn. A Lens is any tranſparent or 
diaphanous Body, as Glaſt, 'Cryſtal, Mater, 
&c. through which the Rays of Light do 
freely paſs, and is of a proper Form to col 
lect or diſperſe then. Of theſe there are ſe- 
veral Species, as - a Plane Lons, a Plano-Con- 
vex, Plano=Concave, \Doubl:=Convex, Double. 
Concave; and Meniſtus. | 
. 1 er on - 24: | 

IB+BO=TO= DK. - Conſequently, AL: 18 
(: IB: NI.n10:41H)z DK : 1H. | 

57. Since LG is perpendicular to the Tangent or 
Cutve in the Point By tis evident that AL is the Sine 
of Incidence, and I G the Sine of Refraction to the 
Radius A B BI. If cherefore a Solid be generated 
by the Revolution of an Ellipſls about its Axis, which 
Ellipſis has its tranſverſe Axis D K to the Diſtance be- 
tween the Foci in the Ratio of the Sine of Incidence to 
that of Refraction; then parallel Rays A B, falling on 
every Point B of its Sutfaet, will be refracted to the re- 
mote Focus IJ. AIR . 
_ 58.1 After the ſame Manner we proceed for the Hy- 
perbolic Conoid; but as Lenſes made of theſe Forms are 


extremely difficult.to work,. and are likely never to be 
of Uſe (fince the great Defect of theſe Glaſſes is ow 


% 


ing to quite a different Cauſe, as we ſhall ſhew in the 


next Annotation) I ſhalt fay no more of them here, but 
refer the inquiſitive. Reader to the Digptrics of M. Des 
Cartes, who treats largely of this Subect. 


C 2 I SHALL 


* 


—_ . OrTics 


I 8HALL{inow conſider the different Pro- 
perties and Effects of theſe Glaſſes in re- 
flecting and refracting the Sun's Light, and 
forming the Images of Objects: And this 
all depends / in Reflection of Light) on chat 
fundamental Law, That the Angle Inci- 
dence is equal to the Angle of Reflettion. 

Plate LET EH be a concave Mirrour, V its 

| = Vertex, and C the Centre of its Concavity. 
Let A be a Ray of the Sun's Light inci- 
dent on the Point E, and draw E C, which 
will be perpendicular to the Mirrour in the 
Point E; make the Angle CE F equal to the 
Angle AEC, then ſhall E F be the reflected 
Ray. Thus alſo HF will be the reflected 
Ray of the incident one DH, at an equal 


Diſtance on the other Side of the Axis 
BV. 


Ir now the Points E and H be taken. 
very near the Vertex V, we fhall have EF, 
or HF, very nearly equal to FV; but 
EF=FC; therefore FV=FC=4CV. 
| That is, the Focal Diſtance FV of parallel 
q Rays will be at the Diſtance of half the Ra- 
| dius CV of the Concavity of the Mirrour, 
: from the Vertex V, in the Axis BV. 
| Fig. 6. AFTER the Cake Manner, a convex Mir. 
rour is.ſhewn to reflect the Rays AE, DH, 
into — F, H F, as if they came diverging 

Hom 


Or ric st 
from a Point F in the Axis CV, which is 
half the Radius C V diſtant from the Ver- 


tex V. But fince the Rays do not actually | 


come at, or from the Focus /, it is called 
the Imaginary or Virtual Focus. n 

PARALLEL Rays falling directly on a 
lake Speculum are reflected back upon them- 
ſelves; if they fall obliquely, they are re- 
flected in the fame Angle, and parallel as 
they fell, Henee there is no ſuch Thing, 
properly ſpeaking, as a Focus belonging 
to a plane Sheculun, neither real nor vir- 
tual, 

THE Focus F, or 75 of parallel Rays, is 
called the Solar Focus; becauſe in that the 
Image of the Sun is formed, and of all Ob- 
jects very remote, But the Focus of any 
Object ſituated near the Mirrour will have 
its Diſtance from the Vertex more or leſs 
than half the Radius: The Rule in 5 
Caſes being as follows: 


Multiply the Diſtance of the Object into the 


Radius of the Mirrour, and divide that Pro- 
duct by the Sum ꝙ the Radius and twice the 
Diftance of the Objeft ; the Quotient will be 

the Focal Diftanee of a Convex Mirrour. 
AGAIN; for a Concave Mirrour, the ſame 
Product of the Re into” the Diftance of the 
Object, divided by the Difference of Radius 
| C 3 and 


21 


AS 


Plate 
XLVIII. 
Fig. 7. 


Or rieb 


and tice the Diſtance of tbe Olject, will 
give the Focal Diſtunce VF or V. And 


here we are to obſerve, that as twice che 


Diſtance of the Object is leſſer or greater 
than the Radius, fo the Focus will be poſi - 
tive or nachts, hilt * is, bend the n 
or before 1 N. uo 

TRE Image-of every Obiec is formed in 
the Focus preper to its Diſtance; And ſince 
the Writers on Optics demonſtrate, ' that the 
Angles under which the Object O B and its 
Image I M are ſeen from the Centre or Ver- 
fex of the Mirrour C are always equal ; it 
follows, that: the Image I M will be always 
in Proportion to the Object OB, as the 
Focal Diſtance V F to the Me Diltage® 
GT: ©: 

THz Poſition of the Object will be 1 
ways erect at a pyfitive Focus, or behind the 


Speculum; diminiſhed by a convex, and mag- 


nified by a concave one. Hence, ſince a 
convex has but one, viz. an afirmative Fo- 
cus; ſo it can never magnify any Odject, 
eser poſited before it. 

THE Poſition of the Image in a negative 


3 ocus, or that before the Glaſs, will be 
ever inverted; and if nearer the Vertex 


than the Centre G, it will be leſs; if far- 


ther from it, it will be greater than the 


OY rig 


Object; but in the Centre i 
to the Object, and ſeem to ti b it. 


Tur Image formed by a pH Sprculu i is 


ed; large as the Life; at the ſame appa- 
rent Diſtance behind the Glaſs, as the Ob- 
ject is before it; and on the ſame Side of 


the Glaſs with the Object. Theſe Proper- 


ties render this Sort of Mirrour of moſt 
common Uſe, vx. as a LookinG-GLass, : 


Ir the Rays fall directly, or nearly fo, 
on a plane Mirrour, and the Object be 
opake, there will be but one Angle Image 


formed, or at leaſt be viſible; and that by 


the ſecond Surface of the Syeculiim, and not 
by the firſt, through which the Rays: do 


moſt of them paſs. 


Bur if the Object be luminous, ail the 


Rays fall very obliquely on the Speculum, 
there will be more than one Image form'd, 
to an Eye placed in a proper Poſition to 
view them. The firſt Image being form'd 
by the firſt Surface will not be fo bright 
as the ſecond, which is formed by the ſe- 
cond Surface. The third, fourth, &c, 


Images are produced by ſeveral Reflections 


of the Rays between the two Surfaces of 
the Speculum ; and ſince ſome Light 18 loſt 
by each Reflection, the Images from the 
ſecond will appear ill more faint and ob- 

C 4 8 ſcure, 
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cure, to che eighth, ninth; or tenth; Which 
can ſcarcely] diſcerned at all.. 
"We "procee ed" now to" Lenſes; and here, 
nde all Viſion by them is effected by the 
Refraction of Rays through, their Subſtance, 
it will be too intricate an Affair to ſhew 
the partlculaf Majiner' How Rays are col- 
lected by them — their ſeveral Focus's? It 
muſt ſuffice only 0 Fay, That parallel Rays 
are reſtacted 235 Plano-convex Lens ta 
a Point or Focus, which'is" the Diameter of 
the Sphere of its Convexity aiflant from it + 
Tur the ſame Rays are collected by-a 
double and equally convex Lens in a Point 
which is the C entre Wi 3 of its Con- 
Vexity e 
THAT parallel Rige 6 are refrafted thraugh 
a plano-concave Lens in r ſuch a manner as th 
they came from a Point d. ant A ir 7 the, 
Diameter of its Concavity ; ; - 
Axp that, the: fame Rays are reſradled. 
through a double and equally Concave Lens, in 
fuch manner as, though they proceeded from a 
Point which i ts, the Centre gf, the Concavity.. 
| Axp in caſe] fa double and equally 
convex Lens, We qhavt this general Rule 
for finding' the Fort of Rays univerſally, 
be the Diſtance of the Object and Radius 
of Convexity what it won VIC. 


Multiply 


: 
os 


Orrile Dd. 


: Multiply the Diſtance f the OH- by the 
Radius of Convexity, and divide that: Progutt 
by the Difference of the ſaid Diſtance and Ra- 
dius; the n wil be the D. mee of the 
Focus required, . 

HENCE, if the Diſtance, af the. Object 
be greater than the Radius, the Focus will 
be affirmative, / or behind . the Lens; the 
Image will be inverted, and diminiſhed 
in Proportion of its Dee to the Dir 
tance of the Object. . Ha 4 

Ac alN; if the Bilance of the. Object 
be leſs than the Radius, the Focus will be 
negative, or on the: fame Side of the Lens 
as the Object; and the Image will be mag. 
nified, and in an erect Poſition. 7 

Ir the Diſtance be equal to the Radius, 
the Focus will be at an infinite Diſtance; 
that is, the Rays, after RefraQtion, | will 
proceed parallel, *% will therefore enlighten, 
Bodies at a vaſt Diſtance. Hence the Con- 
trivance of the Day Lanthorn for this Pur- 
pole. ( 

LasTLY: If Hs Diſtance of the Object 
be equal to twice the Radius, then will the 
Diſtance of the Focus and Image be equal 
to the Diſtance of the Object; and conſe- 
quently the Image will be equal in Mag- 
nitude to the Object, but in verted. Hence 
the Uſe of theſe Lenſes to Painters, and 
Draught- 


— 


Orrices. 


Draughi-Men in general, who have often 
Occaſion for the Images of Objects as 
large as the Life, to Heimen or Wray 
fr Im, \ 
As to Plano-concaves, they, having no 
real Focus, form no Images of Objects; 
ſo that we ſhall paſs · them to proceed to the 
Structure of che Eye, the Manner of per- 
forming Viſion therein, the ſeveral Defects 
thereof, and how remedied by Glaſſes; 
which will be illuſtrated by the Diſſection 
of a natural Eye, and exemplited by an 
artificial one. ; 

Tux Eye is the noble Organ of Sight or 
"Vifion : It conſiſts of various Coats and 
Humours, of which there are Three re- 
markable; wiz. (r.) The Aqueous or Watry 
Humour, which lies immediately under the 
Cornea, and makes the Eye globular before, 
(2.) The Vitreous Humour, which is by 
much the greateſt Quantity, filling the 
Cavity of the Eye, and giving it the Form 
of a Globe or Sphere. (3.) The Cryſfalline 
Humour, ſituated between the other two, 
near the Fore- part of the Eye, and is the 
immediate Inſtrument of Sight; for being 
of a lenticular Form, it converges the Rays, 


which paſs through the Pupil, to a Focus 


on the naten of the Eye, where the Images 
of 
2 


Orres, 27 


of extemal Objects are by that: means formꝰd 
and repreſented (CXX VU). N 


Ov RR 


1 © & 


(CXXVT). 1. In order to exhibit a juſt Iden of the 
true Theory of Viſion, I ſhall here give à more exact and 
particular Deſcription of the Eyz and of its ſeveral 
arts, with an Account or Calculation of the various 
Refractions of the Rays of Eight through the ſeveral 
Humours, for forming the Images of Objects on the 
Retina at the Bottom of the Eye, 39 
2. To this End I have here repreſented a Section 
of the Human Eye in its true or natural Magnitude, 
which conſiſts of two 7 of two different Spberes, 
viz, one larger, as B N B, and a leſſer, BIB. The Plate 
larger Segment conſiſts of thres Tunics or Coats, of XLV 
which the outmaſt is of à hard, thick, white,” qpake Pig. 1. 
Subſtance, called the Sclerotica, as BNB. Within 8. 7. 
this is another thin, ſoft, and blackiſh Tunic, called 
the Choroides; which ſerves as it were for a Lining to 
the other, or rather as a delicate Stratum for the third 
Tunic called the Retina, which is a curious fine Ex- 
panſion of the Optic Nerve V Z over all the larger Seg- 
ment of che Eye, every Way to BB. ce! 
3. The leſſer Segment conſiſts of one Coat or Tunic, 
ea the Cornea, as reſembling a Piece of tranſparent 
Horn; this is more convex than the other, and is de- 
noted by BIB. Within this Coat, at a ſmall Diſtance, 
is placed a circular Diaphragm, as Bs, B o, called 
Uvea, or Iris, becauſe of the: different Colours it has 
in different Eyes. In this is a round Hole in the Middle 
called the Pupil as 00, which in iome Creatures is of a 
different Figure, viz. oblong, as in Cows, Cats; r. 
4. As the Cornea, by its, Tranſparency, admits;the 
Light to enter the Eye, ſo the Pupil is deſtined to re- 
gulate the Quantity of the Rays that ought to enter 
the interior Part of the Eye for rendering Viſion diſtinct, 
and the Images of Objects properly illumined. To this 
Purpoſe it is compoſed of two Sets of muſcular Fibres, 
vix. one of a circular Form, which, by corrugating, 
gontract or diminiſh the Pupil ; and the other is an Au- 
| | nulus 


wW 


Q wo 


' ww. 2 WO" 071 


1 


cs 


I. yy Oe WE. bs 


% e 


28 b 


f Or T1 C 8. 


Overall the Bottom of the Eye is ſpread 


2 very fine and curious Membrane call'd 
e the 


nulus of radial Fibres, tendin; pore oe on tha 


Cireumference B B of the Uvea to the Centre of the 


Pupil, 'which, by contracting, dilate and enlarge the 


Pupil*of the Eye. | PAC ed” 
F. Immediately within the Uvea is another Annulzs 
of radial Fibres, which on the extreme Part is every 


where connected witli the Cornta, where it joins the 


Geleratica at BB; and on the other Circumference it 
is connected with the anterior Part of the Capſula in- 
cluding the Cryſtalline Humour; and is called the Li- 
gamentum-Ciliare, and ſometimes the Proceſſus Ciliares, 
and is denoted by Ba, Ba © © {Sau + 
6. The Bulk or Bedy of the Eye is made up of three 
Subſtances, commonly called Humours, viz. the Aqueous, 
the Cry/talline, and the Vitreous. The 4. Humour 
is properly ſo called, being every Way 
reſpect of its Conſiſtence, Limpldity; ſpecifie Gravity, 
and refractive Power, It is contained between the Cor- 
ura and the Ligamentum Ciliare, as BIB aa B. This 
Humour gives the protuberant Figure to the Cornea, 
which makes the firſt Refraction of the Rays of Light. 
7. The ſecond Humour (improperly fo call'd) is the 
Cry/talline, having its Namè from reſembling Cryſtal in 
Clearneſs and Tranſparency. It is denoted by & KHL, 


and is in Form of a thick Lens unequally convex, whoſe 


anterior Surface & K His the Segment of a larger Sphere, 
and its poſterior Surface G LH the Segment of a leſſer. 
This Humour is of a ſolid Conſiſtence, and very little 
exceeds the ſpecific Gravity of Water, viz. in the Pro- 
portion of 11 to 10 nearly, as J have often found by 
Experiment. It is contained within a moſt delica 


Tunic or Capfela, called © Arachnoides, every where 


pellucid as the Cryſtalline itſelf. 

8. The third Humour is tht Vitreous (being clear as 
Glaſs) and is gel of all in Quantity, filling the whole 
Orb of the Eye B MB, and giving it a globular * 

LA | hys 


ike Water, in 


a, 


A yams ed . ?Y 
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the Retina, which is an Expanſion of the 
ALAN Nerve; upon Which the Images of 
Objects 


This Humour is exactly Jike the White of an Egg, and 
but a little exceeds the ne Graviey and e 
Power of Water. 

9. We proceed now to give the Dig dee of hs 
Eye and its ſeveral Parts (in order for Calculation) as 
they have been determined by actual Meaſurement in a 
great Number of human Eyes with the greateſt Care 
and Exactneſs. Theſe Meaſures are expreſs d in Tenths 
of an Inch, as follows, 


The Diameter of the Eye from Out- 
ſide to Outſide, taken at a Mean T 1 N= * 94 
from ſix adult Eyes,. — — 
The Radius of Convexity of the Cornea, BIB = 3, 796 
The Radius of Convexity of the an- } . 
terior Surface of the Cryſtalline, { GKH= = 2308! 1 
from trendy ox Eyes,. — — 1 
The Radius of Convexity of the hin- | 
der Surface, from the ſame Eyes, Lows LH = = 2,5056 
at a Mean, — |, — — 
The Thickneſs of the Cryſtalline, 3 
1 the ſame Eyes,. — — 
he Thickneſs of the Cornea and \ Land - 
Aqueous Humour together, — I K = 1,0358 
10. Moreover, it is found by Experiment, that the 
Ratio of Refraction at the Cornea I is as 4 to 3, being 
the ſame with that of Air into Water; the Ratio of 
Refraction at K as 13 to 1a, and at L aa 12 fo 13. 
Theſe Things premiſed, let A X be the Axis of the 
Eye, and ED a Ray parallel thereto, and incident on 
the Cornea very near it at D; ve are to determine the 
Foci of the ſeveral Refractions of 1 this Jay at the ſeve- 
ral Surfaces I, K, and L. 


11. The firſt Focus 18 determined by the > Theorem 


mas 1 
(in Amit. CXXV. Art. 27.) g er, forfup- 
poſing 
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Objects being painted and improſs'd, they 
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are by that means convey d ta the Comma 


poſing: all behind the Cane BIB were the aqueous 
Humour continued, then ſince in this Caſe m =4, n= 
3, 7 = 3, 3294, and d is infinite, we have F Ar 
13,3176 JQ, the focal Diſtance from I by the firſt 
Refraction. Mit S618 
12. The Ray tending by this Means from D to Q 
falls converging on the anterior Surface of the: C 
line Humour at S. We muſt now find the Focus of 
the converging Ray DS refracted through a Medium 
every where the — with the Cryſtalline Humour. 
This we do by the ſame Theorem; for at K we have 
m: u 1 13: 12, and * and IQ — IK 
12, 2818 =K Q =4, the Diſtance of the Radiant Q 
from the Point K; but d is in this Cafe negative, or — 
—mar | 
d, and the Theorem is 2 7 — 7 10,06 


= KP, the new focal Diftance from K, by the ſecond 


Refraction. RE 


13. The Ray converging from 8 to P is intercepted 
by the hinder Surface of the Cryſtalline at T, and meet- 
ing there with a Medium of different Denſity, and a 
concave Surface, is again refracted by it; and here we 
have m: M · 12: 13, (by Art. 10.) alſo the Radius r 
is negative, as well as 4; and here it is — r= 2, 5056, 
and —=d=KP—KL=LP=8,31; therefore the 

3 12 dr 
e ys 7 a7 fn 
= 6,112, the laſt focal Diftance required. | 

14. The Point M therefore is that in which parallel 
Rays EI are collected within the Eye, and where the 
Images of remote Objects are formed. The Diſtance 
of this Point from the Cornea is IM IK TK LA 
LM = 1,036 + 1,852 + 6,112 = 9. Then IN 
IM=9,4—g=0,4=NM. Now the Thickneſs 
of the Sclerotica is by the Micrometer found to be ve 
nearly o, 25; then 0,4 — 0,25 = 0,15 ; Which is — 
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Senfory in the Brain, where the Mind views. 


and contemplates their Ideas; but this in 
A : a Manner 


about equal to the Thickneſs of the Choroides and Retina 
together. Hence we ſor the Forms and refrattive Power 
of thoſe ſeveral Humours are ſuch as nicely converge paral- 

Rays to a'Focus upon the Retina in the Bottom of the 

1 From hence it follows, that fince parallel Rays 
only have their Focus mw the Retina, they alone can 
aint an Image there diſtinctly, or produce a-diſtinct- 

Vifon of an Object. If therefore the Object be ſo near, 
that the Rays from any particular Point come diverging 
to the Pupil, they will neceſſarily require a greater fe 
Diſtance than I M, and therefore, as the Rays are not 
united upon the Retina, that Point cannot be there 
diſtinctly repreſented," but will appear confuſed. | 

16. Thus if AB, AB, are two parallel Rays fallin 
upon the Pupil of bays then any other two Rays, 
as C B, C B, though really diverging, yet as the Point 
C, whence they proceed, is remote from the Eye, they 
will at the Entrance of the Eye be ſo nearly coincident 
with the parallel Rays, as to pike nearly the ſame focal 
Point on the Retina ; whence the Point C will there be 
diſtinctly repreſented by c. But if any other Point E 
be viewed very near the Eye, ſo that the Angles EBA 
which they contain with the parallel Rays be very con- 
ſiderable, they will after Refraction tend towards a Point 
Fin the Axis of the Eye produced, and upon the Retina 
will repreſent only a circular indiſtinct Area like that at 
e, whoſe Breadth is equal to 45, the Diftance of the 
Rays upon the Retina, The ſame Point at D will not 
be quite ſo much dilated and indiſtinct; the Rays DB, 
DB, having a leſs Degree of Divergence. | 

17. It is found by Experience, that the neareſt Limit 
of diſtint Viſion is about fix Inches from the Eye; for 
if a Book be held nearer to the Eye than that, the Let- 
ters and Lines will immediately become confuſed and 
indiſtinct, Now this Cauſe of indiſtin& Viſion may be 
in ſome meaſure remedied by leſſening the Pupils, which 


We 


OrrTtics:' 
a Manner too myſterious and abſtruſe fof 
us to underſtandd g 

ne, os 


ve naturally do in looking at near Objects, by contract- 


ing the annular Fibres of the Uvea; and N 
1 


looking through a ſmall Hole made with a Pin in a C 


c. for then a ſmall Print may be read much n 
than otherwiſe; the Reaſon is plain, for the leſs the 


Diameter of the Aperture or Pupil B B, the leſs will the 


Rays diverge in coming from D or E, or the more nearly 
will they coincide with parallel Ray es. 
18. Beſides the Contraction of the Pupil; Nature has 
furniſhed the Eye with a Faculty of adapting the Con- 
formation of the ſeveral Parts to the reſpective Poſitions 
of Objects as they are nigh or more remote; for this 
Purpoſe; the Cornea is of an elaſtic yielding Subſtance, 
and the Cryſtalline is ineloſed with a little Water in its 
Capſula, that by the Contraction and Relaxation of the 
Ciliary Ligament, the Convexity of both the Surfaces 
of the Capſula may be a little alter d, and perhaps the 
Poſition of the Cryſtalline, by which means the Diſtance 
from the Retina may be fitted and adjuſted to nigh Ob- 
jects, ſo as to have their Images very diſtinctly formed 
upon the Retina. BEE * 
19. I have mentioned near Objects only, (by which 
J mean ſuch as are near the Limit of diſtinct Viſion, as 
between fix and a hundred Inches Diſtance) becauſe Ob- 
jects more remote require ſcarce any Change of the Con- 
formation of the Eye, the focal Diftance in them vary- 
ing fo very little. Thus ſuppoſe all the Refractions of 
the Eye were equivalent to that of a double and equally 
convex Lens, whoſe Radius r = x Inch; if then the 
Object were 10 Inches diſtant, or d = 10, we fhould 
have the focal Diſtance f= = == ,11111; 
and if another Object be diſtant 100 Inches, then d 


100, md f= == oo. The Diffe- 


4— 1 
rence between theſe two 2 Diſtances is but 0,0101g 
FE, vix. 


—— 


— 
i. 


@ uv Q 


a. 


G-Q. A 


. al LL 1 © w}21Þ 6fo.t 


FER © 


1. 


7 


1. & 99 42 


Or rres 


33 


Tux Cryſtalline Humour is of ſuch a Con- 


vexity, that in a ſound State of the Eye its 
Focus 


viz. the hundredth Part of an Inch, which the Eye can 
eaſily provide for. If we go beyond this, ſuppoſe to an 


Object 1000 Inches diſtant, we have f 


dr 
0,1001001, which is only a thouſandth Part of an 
Inch leſs than the former, and is therefore inconſi- 
derable; | 1 

20. We have ſeen the natural Limit, of diſtinct Vi- 
ſion for near Objects; we ſhall now conſider what the 
Limit on the other hand may be for remote Objects; for 
Objects may appear indiſtinct and confuſed by being re- 
moved too far from the Eye, as well as when they are 
too near it. And in this Laſe we find Objects will ap- 
pear diſtinct ſo long as their Parts are ſeparate and diſ- 
tinct in the Image form'd on the Retina, Thoſe Parts 
will be ſeparate ſo long as the Axis of the Pencils of 
Rays which paint them are fo at their Incidence on the 
Retina ; that is, ſo long as the Angle they contain is 
not leſs than one Tenth of a Degree ; for it is found by 
Experience that Objects and their Parts become indiſtinct 
when the Angle they ſubtend at the Pupil of the Eye is 
leſs than that Quantity. | 

21; Thus ſuppoſe O B be a Circle t of an Inch Di- 
ameter, it will appear diſtinct with its central Spot till 
you recede to the Diſtance of 6 Feet from it, and then 
it becomes confuſed ; and if it be 4 of an Inch, it will 
begin to be confuſed at 12 Feet Diſtance, and ſo on; 
in which Caſes the Angle ſubtended at the Eye, viz, 
OAB, is about % of a Degree, or 6 Minutes. And 
thus all Objects, as they are bigger, appear diſtinct at 
a greater Diſtance ; a ſmall Print will become confuſed, 
at a leſs Diſtance than a larger; and in a Map of Eng- 
land the Names of Places in ſmall Letters become firſt 
indiſtinct, where thoſe in Capitals are very plain and 
legible ; at a bigger Diſtance theſe become confuſed, 
while the ſeveral Counties appear well defined to a much 
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Focus falls preciſely on the Retina, and 
there paints the Objects; and therefore Vi- 
| ſion 


greater Diſtance. Theſe alſo at laſt become ſo indiſ- 
tinct as not to be known one from another, when at 
the ſame Time the whole Iſland preſerves its Form very: 
diſtinctly to a very great Diſtance ; which may be ſo far 
increaſed, that it alſo at laſt will appear but a confuſed 
and unmeaning Spot, x | 
22. We have ſeen the Cauſes of indiſtinct Viſion in 
the Objects, and ſhall now enquire what may produce 
the ſame in the Eye itſelf. And firſt it is to be obſerved, 
Plate that there is a proper Degree of Convexity in the Cornea 
XLIV. KPL, and Cryftalline 8 T, for converging parallel Rays 
-Fig. 3- to a Focus on the Bottom of the Eye in a ſound State z 
hence every diſtant Object O B will have its Image IM 
accurately depicted on the Retina, and by that means- 
produce diſtin& Viſion. 
23. But if the Cornea KPL, or Cryſtalline 8 T, or 
both, ſhould chance to be a little more convex than juſt, 
Fig. 4, it will cauſe the Pencil of Rays „Co, which comes to 
the Pupil oo, from any Point C in the Object OB, to 
unite in a Focus before they arrive at the Retina in the 
Bottom of the Eye; the Image IM of the Object O B 
will be formed in the Body of the Vitreous Humour, 
and will therefore be very confuſed and indiſtin& on the 
Retina at i m. A Perſon having ſuch an Eye is called a 
Myops, in Alluſion to the Eye of a Mouſe, by reaſon of 
its great Convexity, 
24. To remedy this Defe& of the Eye, a concave 
Lens E F is applied before it; for by this means the 
Rays Ca, C 6, which fall diverging on the Lens, will, 
after Refraction through it, be made to proceed ftill more 
diverging, viz. in the Direction ar, br, (inſtead of ao, 
b v, as before) as if they came from the Point C inſtead 
of C. All which is plain from the Nature of a con- 
cave Lens above deſcribed. 
25. Hence it follows, that ſince the Rays are made to 
fall with greater Divergence upon the Eye, they will 
. require 
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fon is not diſtinct, unleſs by Rays which 
are parallel, or near ly ſo ; for thoſe only 


will 
require a greater focal Diſtance to be united in the Axis, 
and conſequently the Focus may be made to fall very 
nicely on the Retina, by uſing a Lens E F of a proper 


35 


Degree of Concavity ; and therefore diſtinct Viſion wil! 


be effected in the ſame Manner as in an Eye of a juſt 
Conformation, by painting the Image on the Retina, 
26. Since the Þ 

Point C, the apparent Place of Objects ſeen through a 
concave Lens is nearer than the true Place; or the Ob- 
ject will appear at O B, inſtead of O B. And alſo ſince 
converging Rays O a, B 6, proceed leſs converging af- 
ter Refradtion than before, the Object appears under a 
leſs Angle, and therefore the apparent Magnitude of 
Objects ſeen by a concave Lens is lefs than the true, 


27. The Object is leſs luminous or bright ſeen thro? 


ſuch a Lens than without it ; becauſe the Rays bein 
rendered more divergent, a leſs Quantity enters the Pupi 
of the Eye than otherwiſe would do. But the Picture 
is always more or leſs bright or enlightened, according 
as it is made by a greater or leſs Quantity of Rays, 
28. Laſtly, it appears from what has been ſaid, that 


oint C 1s nearer to the Eye than the 


when a concave Lens E F cannot be applied, we may 


ſill effect diſtin& Viſion by leſſening the Diſtance be- 
tween the Object and the Eye ; for it 1s plain, if OB 
be ſituated at O B, the Image at I M will recede to i m 
upon the Retina, and be diſtinct in the ſame Manner as 
when made ſo by the Lens E F. | 

29. On the other hand, when the Cornea or Cryſtal- 
line is too flat, (as often happens by Ag) an Object 
O B, placed at the ſame Diſtance from the Eye P C as 
before, will have the Rays Co, Co after Refraction in 
the Eye proceed to a Focus beyond the Bottom of the 
Eye, in which if a Hole were made (in an Eye taken 
out of the Head) the Rays would actually go on, and 
form the Image im; which Image muſt E 8 1 be 
very confuſed and indiſtinct on the Retina. | 
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will have their Focus at the Bottom of the 
Eye: Now Rays proceeding from any Point 
2 more 


30. To remedy this Defect, a convex Lens GH is 
applied, which cauſes the diverging Rays Ca, C6, to 
fall leſs diverging upon the Eye, or as if they eame 
from a Point more remote, as C; by which means the 
focal Diſtance is ſhortened, and the Image duly formed 
on the Retina at I M, by which diſtin& Viſion is pro- 
duced, 

31. Hence the apparent Place of the Object is at C, 
more diſtant than the true Place at C; and its apparent 
Magnitude O B is greater than the true, becauſe the 
converging Rays O a, Bb, are by this Lens after Re- 
fraction made to unite ſooner than before, and ſo to 
contain an Angle OP B greater than the true OP B. 
The Object appears through a convex Lens brighter 
than without, becauſe by this means a greater Quantity 
of Rays enter the Pupil ; for the Rays ao, bo, are b 
the Lens made to enter in the Directions ar, br, which 


are nearer together, and leave Room for more to enter 


the Pupil all around between o and r. 

32. As the Image of the Object painted on the Re- 
tina is greater or leſs, ſo will the apparent Magnitude 
of the Object be likewiſe; or, in other Words, the 
Angle IPM ſubtended by the Image is always equal to 
the Angle OP B ſubtended by the Object at the Eye, 
and therefore the Image I M will be always proportional 
to the Object O B. Hence it follows, that the Angle 
OPB under which an Object appears is the Meaſure 
of its apparent Magnitude, 

3- Therefore 'Objedts of different Magnitudes, as 
OD 8. AC, DE, which ſubtend the ſame Angle at the 
Eye, have the fame apparent Magnitude, or form an 
equal Image in the Bottom of the Eye, Hence it is 


that Objects at a great Diſtance have their Magnitude 


diminiſhed proportionally: Thus the Object DE 
removed to D E appears under a leſs Angle DP E, and 
makes a leſs Image on the Retina, as is ſhewn by the 
dotted Lines, 
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A 


more than 6 Inches diſtant from the Eye, 
will, when they enter the Pupil, be very 
nearly 


4. The Angles of apparent Magnitude O A B, 
OCB, when very ſmall, are as their Sines, and therefore 
as the Sides OC and OA, or BC and BA; that is, 
the apparent Magnitude of the Object O B, at the Diſ- 
tance BC and BA, is inverſely as thoſe Diſtances ; or 
its Magnitude at C is to that at A as AB to CB. 

35. The more directly any Object is ſituated before 
the Eye, the more diſtinctly it will appear; becauſe 
thoſe Rows only which fall upon the Eye near its Axis 
can be convened to a Point in the Bottom of the Eye 
on the Retina, and therefore that Part,of the Image 
only which is formed by the direct Pencil of Rays can 
be clear and diſtin ; and we are ſaid to ſee an Object 
by ſuch a Pencil of Rays, but only to look at it by the 
others which are oblique. | 

36. Suppoſe A, B, C, repreſent three Pieces of Paper 
ſtuck up againſt the Wainſcot of a Room at the Height 


of the Eye; if then a Perſon places himſelf ſo before 


them, and ſhutting his Right Eye views them with his 
Left, it is very remarkable that the Paper B, whoſe 
Pencil of Rays fall upon the Inſertion D of the Optic 
Nerve D E, will immediately vaniſh or diſappear, while 
the two extreme Papers C and A are viſible ; and by 
altering the Poſition of the Eye, and its Diſtance, any 
of the Papers may be made to vaniſh, by cauſing the 
Pencil of Rays to fall on the Point D. 

37. Why the Rays of Light ſhould not excite the 
Senſation of Viſion in that Point D where the Fibres of 
the Nerves begin to ſeparate and expand every way to 
form the Retina, is not known. But *tis highly worth 
our Notice, that the Nerve DE is for that Reaſon 
placed on one Side of the Eye, where only the oblique 
Rays come, the Loſs of which is not conſiderable, and 
no way affects or hinders the Perfection of Sight. 
Whereas had it entered in the Middle of the Bottom 
of the Eye, it had render'd uſeleſs all the direct Rays, 
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nearly co- incident with parallel Rays; and 
therefore to à ſound Eye diſtinct Viſion 


cannot 


by which the moſt perfect and diſtinct Viſion is effected; 
and we could have had only a confuſed and imper- 
fect Perception of Objects by oblique collateral Rays, 
How glaring an Inſtance is this of Contrivance and 
Deſign in the Conſtruction of this admirable Organ ! 

38. I ſhall conclude this Head with obſerving, that 
the Nature of a Reading-Glaſs is the ſame with that of 
common Spectacles; only in the latter Caſe we uſe a 
Lens to each Eye, but in the former ones Lens is made 
large enough for both. Alſo in the Uſe of them we 
have different Ends to anſwer ; for by the Spectacles we 
only propoſe to render Objects diſtinct at a given Diſ- 
tance, but the Reading Glaſs is applied to magnify the 
Object, or to render the reading of a ſmall Print very 
eaſy, which otherwiſe would be apt to ſtrain the Eye 
too much. Therefore the Siz2 of a Lens for Spectacles 
is not required larger than the Eye; but that of a Read- 
ing-Glaſs ought to be big enough to take in as large a 
Part of the Object, at leaſt, as is equal to the Diſtance 
between both the Eyes. TI ſhall treat of the Viſual 
Glaties in the Appendix. 

39. In the Rcading-Glaſs ECD the Object or Print 
AB is always nearer to the Glaſs than its Focus F; 
becauſe in this Caſe it is neceſſary the Image or mag- 
nified Print G H ſhould be erect, and on the ſame Side 
of the Glaſs with the Object; that is, the Diſtance 
d is negative in the Equation Lie =. Hence the 
Pencil of Rays AED. proceeding from any Point A, 
will after Refraction through the Lens be divergent, but 
leſs ſo than before, and therefore will ſeem to come 
from a Point G. Thus alſo the Point B will be referr'd 
to H, and the Print at H will be magnified in Pro- 

tion of & C to A C. All which is evident from the 
vas Part of the laſt Annotation. 
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cannot be effected at leſs than 6 or 8 Inches 
Diſtance, as is evident to mw who tries the 
Experiment. 


SINCE then there is a certain and . | 


minate Degree of Convexity in the Cornea 


and Cryſtalline. Humour, for forming the 
Images of Objects on the Retina; if it hap- 


pens that the Convexity of . thoſe Parts 
ſhould be more or leſs than juſt, the Focus 
of Rays will fall ſhort of, or beyond the 
Retina, and in either Caſe will cauſe indiſ- 
tint Viſion. The firſt is the Caſe of ſhort- 
ſighted or purblind People, the latter of the 
Aged. 

A purblind Perſon, having the City 
of the Eye and Cryſtalline Humour too 
great, will have the Rays united in a Point 
before they reach the Bottom of the- Eye, 


and conſequently the Images of Objects 


will be formed, not upon the Retina, (as 
they ſhould be) but above it in the Glaſly 
Humour, and therefore will appear indiſ- 
tin& or confuſed. 

THis Defect of the Eye is remedied two 
Ways, v2. (1.) By diminiſhing the Dif- 
tance between the Object and the Eye; for 
by leſſening the Diſtance of the Object, the 
Diſtance of the Focus and Image will be 
iacreaſed, till it falls on the Retina, and 
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cannot be effected at leſs than 6 or 8 Inches 
Diſtance, as is evident to ny who tries the 
Experiment. 


SINCE then there is a certain and e 


minate Degree of Convexity in the Cornea 


and Cryſtalline. Humour, for forming the 
Images of Objects on the Retina; if it hap- 


pens that the Convexity of thoſe Parts 
ſhould be more or leſs than juſt, the Focus 
of Rays will fall ſhort of, or beyond the 
Retina, and in either Caſe will cauſe indiſ- 
tinct Viſion. The firſt is the Caſe of ſhort- 
ſighted or purblind People, the latter of the 
Aged. 

A purblind Perſon, having the er 
of the Eye and Cryſtalline Humour too 
great, will have the Rays united in a Point 
before they reach the Bottom of the Eye, 


and conſequently the Images of Objects 


will be formed, not upon the Retina, (as 
they ſhould be) but above it in the Glaſſy 
Humour, and therefore will appear indiſ- 
tinct or confuſed. 

THis Defect of the Eye is remedied two 
Ways, v!z. (I.) By diminiſhing the Diſ- 
tance between the Object and the Eye; for 
by leflening the Diſtance of the Object, the 
Diſtance of the Focus and Image will be 
increaſed, till it falls on the Retina, and 
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appears diſtinct. (2.) By applying a con- 
cave Glaſs to the Eye; for ſuch a Glaſs 
makes the Rays paſs more diverging to the 
Eye, in which Caſe the Diſtance of the 
Focus will be alſo enlarged, and thrown' 
upon the Retina, where diſtin Viſion will 
enſue. | 

HENcs the Uſe of Concave Spectacles: 
And the Myops or purblind Perſon, who 
uſes them, has the three following peculi- 
arities, viz. (1.) To him Objects appear 
nearer than they really are, or do appear 
to a ſound Eye. (2.) The Objects appear 
leſs bright, or more obſcure to them than 
to other People, becauſe a leſs Quantity of 
Rays of Light enter the Pupil. (3.) Their 
Eyes grow better with Age; for whereas 
the Fault is too great a Convexity of the 
Eye, the Aqueous Humour, and alſo the 
Cry/talline, waſting with Age will grow 
Hatter, and therefore more fit to view diſ- 
tant Objects. 

THE other Defect of the Eyes, ariſes from 
a quite contrary Cauſe, viz. the Cornea and 
Cry/talline Humour being too flat, as is ge- 
nerally the Caſe of an old Eye. This De- 
fect is remedied by Convex Lenſes, ſuch as 
are the common Spectacles, and Reading- 
| Glafjes, For ſince the Rays, in theſe Eyes, 
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go beyond the Bottom of the Eye, before 
they come to a Focus, or form the Image; 
a convex Glaſs will make the Rays fall more 
converging to the Pupil, and on the Hu- 
mours, by which means the focal Diſtance 
will be ſhorten'd, and adjuſted to the Retina; 
where diſtinct Viſion of Objects will then be 
effected. 6 

By convex Spectacles Objects appear more 
bright, becauſe they collect a greater Quan- 
tity of Rays on the Pupil.” And they ap- 
pear at a greater Diſtance than they are ; for 
the nearer the Rays approach to parallel ones, 
the more diſtant the Point will be to which 
they tend. 

I HAvE already obſerved, that if the 


Object be placed nigher to the convex Glaſs 


than its Focus, it will appear erect and mag- 


nified; which makes them of ſuch general 


Uſe as Reading-Glaſſes. 


Ir an Object be placed in the Focus of 


a convex Lens, the Rays which proceed 
from it, after they have paſs'd through the 
Glaſs, will proceed parallel; and therefore 
an Eye placed any where in the Axis will 
have the moſt diſtin View of the Object 
poſſible; and if it be a Lens of a ſmall 
focal Diſtance, then will the Object appear 
as much larger as it is nearer, than when 

vou 
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you view it with the naked Eye. And 
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hence their Uſe as Single Microſcopes: To 
give an Inftance of which, ſuppoſe the 
focal Diſtance of a Lens were one Tenth of 
an Inch, then will the Diameter or Length 
of an Object appear 60 times larger than to 
the naked Eye at 6 Inches Diſtance : Alfo 
the Superficies of an Object will be 3600 
times larger; and the whole Magnitude or 
Bulk will be 216000 times larger than to 


the naked Eye it will appear at the above- 


CoMPOUND 


(CXXVII) 1. I ſhall here give a ſuccinct Account 
of every Sort of Microſcope, with reſpe& to their Na- 
ture and Theory, Microscoees are diſtinguiſhable 
into two Kinds, viz, Dioptric by Refraction, and Ca- 
toptric by Reflection; and each of theſe is either Single, 
as conſiſting of one Glaſs only, or Compounded of two or 
more. 

2. A SINGLE MIcRoscCoPE, of the Dioptric or Re- 
fracting Sort, is either a Lens or a Spherule. Thus if 
any Object a b be placed in the Focus c of a ſmall Lens 
A CB, the Rays proceeding from thence will after Re- 
fraction go parallel to the Eye at I, and produce diſtinct 
Viſion ; and the Object will be magnified in the Pro- 
portion of fix Inches to the focal Diſtance Ce, ac- 
cording to the Example above, 

3. Again; if an Object ab be applied to the Focus 
c of a Spherule A B, it will produce diſtinct Viſion there- 
of by means of parallel Rays (by Annotat. CXXVI. Art. 
15.) and it will appear under an Angle equal to DCE, 
and be magnifi d in Proportion of 6 Inches to the focal 
Diſtance Cc from the Centre. And here it is remark- 
able, that if the focal Diſtance of the Lens and Sphe- 
rule be the ſame, the Object will be three times — 
— Iſtant 
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conroοννν Microſcopes, eſpecially the 
common Sort, are conſtructed with three 


diſtant from the Lens than from the Spherule, becauſe 

CD che Semidiameter of the Sphere is 3 of Ce, the | 
Diſtance of the Lens A B; conſequently an Obje& is Plate 
viewed by a Lens to a much greater Advantage than XLV. 
by a Sphere, in regard to the Light, &c. Fig. 3» 

4. A Single Microſcope of the Catoptric Kind is a 
ſmall concave Mirrour, as A DB, having the Object 
a b placed before it, nearer to the Vertex than its Focus 
F. In that Caſe the Image IM will be formed behind Fig, 4. 
the Speculum, very large, erect, and diſtin, as has 
been already ſhewn. Such a Speculum is'of admirable 
Uſe to view the Eye; for being turned. to the Light, 
the Uvea or Iris, the Pupil, the Cornea, and all the vi- 
ſible Part of the Tunica Albuginea, with the fine Ramifi- 
cations of the Blood-V eflels, and Part of the Glandula 
Lachrymalis, are all by this means greatly magnified, 
and rendered curious Subjects of our Sight. 

5. Alſo if the Object ab be placed any where be- pz 
tween the Centre C and Focus F of the ſaid ſmall Spe- 8. 5. 
culum A B, then will its Image 7 V be formed at a 
great Diſtance from the Glaſs, and may be made to 
bear any aſſign'd Proportion to the Object by placing 
the Object nearer to or farther from the Focus F: But 
for common Objects the Room ought to be dark, or 
the Object extremely lucid, as a Candle, c. But 
more of this when I come to ſpeak of the Solar Hi- 
croſcope. 

6. The next Sort of Single Microſcope is a Cata- 
dioptric one, which performs its Effect by Reflection and 
Refraction; the Theory of which being curious, I ſhall 
give the Reader as follows, DBLH is a Globule of Vid 
Water; and it was ſhewn that an Object A a, placed * 
in its Focus A, would be ſeen diſtinct and magnified by 
refracted Rays AB DE (See Art. 3.). Now 'tis evi- 
dent we may conſider the Ray B D either as the re- 
fracted Ray of A B, or the reflected Rav of F B, the 
Angle CBF being equal to the Angle CB D 2 
ince 


— — — 
= — _ — 
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Plate 


XLVI. 
Fig. 15 2+ 


DE parallel to the Axis 
' Viſion will be produced of an Odject F placed in the 


| Claſſes, VIS. the Ts ge e, 1 two 


9 DE and 8 * The Obje& | 
| : 5 4 


ſince in each Caſe the Ra B D is at D refratet ine; 
OT. K, it follows, that diſtinct 


Focus by Reflection F within the Drop, as the Obje@ 
A ain its Focus A by Refraction without it. 
7. In order to determine the focal Diſtance I F by 
Reflection from the Concave B Ii, for 88 Rays 
Db, we have HK = 4 HC, or 41 C, (by nnotat, 
CXXV. ) whence IK = 2IC, that is d=2r, in the 


Theorem ——_ — =f (in the ſame Annotation. ) Alſo 


becauſe the reflecting Surface is here concave, and the 


Rays converging, the Theorem will become — 


—24—1 
F — IF; whenceCF = xr. Alſo it 


has been 2 that 3 " SS 7 and 
therefore CF ; CA :: 

8. And ſince the — Ob; jet wil will — "as much 
larger at F than at A, as the Angle FC is greater 
than A C a, or the Diſtance CA greater than C F, 
it follows that an Object in a Globule of Water ſeen 
by Reflection is magnified 35 times more than it would 
be in the Focus A by Refraction. Suppoſe then 
C Ag of an Inch, then will CF = = of an Inch; 
and therefore, ſince 6: 100 1, it appears chat 
the Diameter of an Obj 1 at the Focus F is ſeen 100 
ay larger than at che Diſtance of 6 Inches from the 

e 

— In a Glaſs Globule, HK g zr, IK =I, 5r=4d; and 
the Theorem * =2 2 ir IF; whence 
CF=zr. And becauſe IA = 7. we have C Y 

z 73 conſequently, CA: CF:: e234: 89 
that is, an Object is magnified 2 times more at the 
Focus F within, than at the Focus A without 8 Glafs 

lobe: 
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a b c being placed. | 
Focal Diſtance from 


. 
* 
* * 
> 

n 


the Lens de will have 


x4 4 
Y * 


Globe: And hence it appears; chat equal Globes ef 
Glaſs and Water magnify by Reflection in Proportion 


of 2% to 31. Alſo auſe CF g in Water, and 


CA =3 when the ſame Globe is Glaſs, it appears 
that Objects are magnified in the Water Globule more 
than when ſeen through the Glaſs Globule, in the 
Proportion of ;̃ to 3, or 21 to 1. b 8 

10. A DousLE MicroscoPt is compoſed of two 
convex Lenſes, viz. an Object and an Ocular Lens. 
The Object Lens is d f, placed a little farther diſtant 
from the Object a b, than its focal Diſtance e /; be- 
cauſe then its Image A B will be form'd at the required 
Diſtance e C; and as ec:eC::ab: AB. If this 
Image A B be view'd by a Lens D F placed at its focal 
Diſtance from it, it will appear diſtin, becauſe the 
Rays will thence go parallel to the Eye at I. 

11. Now the Object a b and the Image AB appear 
under equal Angles - from the Vertex e of the Lens 
df; that is, the Angle a e h A eB. But the Angle 
under which the Image is ſeen from the Vertex E of 
the Eye-Glaſs D E is BEA DIF; therefore the 
Image view'd oy os Eye-Glaſs is to the Object view'd 
by the Object Lens, as the Angle B E A to the Angle 
Be A, or as Ce to CE nearly. Suppoſe C E= 1 
Inch, and Ce g 4 Inches, then will the Object be 
magnified 4 times in Diameter by the means of the Eye- 
Glaſs DF ; but it is magnified by the Lens df in Pro- 
portion of 6 Inches to ec, that is, if ec = 1 Inch, 
ſix times, Wherefore by both the Glaſſes the Diame- 
ter is magnified 4 X 6 = 24 times. 

12, But in this Caſe of a ſingle Eye-Glaſs, the 
viſible Area (call'd the Field of View) though larger than 
in the Lens de alone, yet is not ſo large as it may be 
render'd by the Addition of a ſecond Eye-Glaſs, as 
GK; for by the Lens DF alone the viſible Area is 
equal to the Aperture of the ſaid Lens, becauſe no 
more of an Object or its Image can be ſeen than what 


15 


at a little more than the 


1s 


%. 


1 


9 


Plate 


XLV. 
Fig. 8. 


ore . 9 


its Image form- d at a greater Diſtanee on 
the other Side, and W large, 
; as 


is contain d between the Rays D 4 and F f 
to the Axis; that is, the viſible Part > the Ima =Y ö 
df = DF, and is ſeen under the Angle DLF 
ing the Focus of the Lens D F, or LE=CE) — 
this is call'd the Optic Angle, or Angle of viſible Mag- 
2 
But this Angle is greatly increaſed by the Ad. 
ation of the Glaſs gl K; for let a K and b G be the 
Axes of two Pencils of Ray s which come from the ex- 
treme Parts of the Ob jest 2 a and b, and falling diverg- 
ing upon the Lens G K are refracted by it towards the 
Point O in the Axis of the Glaſs produced. But in 
their Paſſage they are intercepted by the Lens D F, 
which refracts them to a Point I nearer the Lens than 
the Focus L; and therefore the Angle DI F is greater 
than the Angle DI. F, and conſequently a larger Field 
of View is by this Means obtain'd. 
14. To find in what Proportion the Angle DIF is 
reater than DL F, we muſt conſider e as a Radiant 
Point, whence the Pencil of Rays Ge K diverges to 
the Lens GK; then if He = d, Ha= r Radius of 
the double and equally convex Lens G K, we N 


— = HO the Focus after Refraction; and if 


HE=p, then y—p=EO=d = Diſtance for con- 
verging Rays KF and GD. And let r = Radiug 
of the double and equally convex Lens DF; then 


= e Wherefore LE: IE ut 
dr 
Jr—pr 3 72 1 & Therefore 
y—Pp+r err ar 
—p +r 
d — r 


when the ſeveral Quantities d, , p, r, are given, the 
4 Ratio 


tio 


e O P'T 10 8. 


as at MN; which large Image is contract 
ed into one AB C ſomewhat leſs, by the 


lower 


Ratio of the Angle DLF to that of the amplified- 


Angle DIF is given alſo, 
15. For Example; let He = d=5 Inches, Heer 
= 3, 5, p=HE=2, andr=EC=LE=1,5; then 


„ 11, 333 therefore . = 233 =0,86=IE. 


— . 10, 8 

Therefore the Angle DLF: DIF :: IE: LE :: o, 86: 
1,5. Therefore the viſible Area by the ſingle Eye- 
Glaſs DF will be to the amplified Area by both the 
Lenſes G K and D F, as the Square of 0,86 to the 
Square of 1,5 ; that is, as 0,7396 to 2, 25, or as 
7396 to 22500; which Augmentation in the Ratio of 
3 to 1 nearly is very confiderable, and affords great Ad- 
vantage and Pleaſure in viewing Objects. 

16. The magnifying Power of a Compound Micro- 
ſcope is thus computed : The Angle under which the 
2 a b appears at the Diſtance of 6 Inches, is to 
that under which it appears when ſeen through the Lens 
d f, as ec to 63; wherefore the firſt Part of the com- 


pound Ratio of the magnifying Power will be 2 


c. 
17. Let He be the focal Diſtance of the Lens G K, 
with the Radius He deſcribe the Arch ca, and draw 
aH ; this will be the Axis of all the Rays which go 
from the Point @ to the Lens G K ; conſequently, the 
Ray aK will after Refraction be parallel to the Axis, 
i. e. the Ray K O is parallel to a H; therefore theIma 
of the Object being in the Focus c of the Lens G K, 
will be ſeen under the Angle K OH, which is equal to 
the Angle a He; but it is ſeen from the Lens df under 
the Angle a ec. But the Angle à He: aec:;:ec:cH, 
Wherefore the ſecond Part of the Ratio for magnifying 


; ec 
is that of ec tocH, or . 


cH 
18. Laſtly; let C be the Focus of the Lens D F, 
and with the Radius E C deſcribe the Arch Ce ; _ 
Wi 
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| Orrs. e 
lower Eye-Glaſs DE; and this Image 18 
viewed by the Eye through the upper Eye- 


Clas 


will e E be the Axis of the Pencil of Rays proceeding 
from the Point e to the Lens D F, of which e F bei 

one, it will be refracted into FI parallel to E; and 
ſo the Angle FIE OE. But FIE is the Angle 

under which the Image is viewed through the Lens 
DF, which is to the Angle COA as CO to CE. 
Therefore the third and laſt Part of the Ratio for mag- 


itying! CO 

nifying 1 F- a WM | 2 

19. If now we compound the ſeveral Parts of the Ra- 
tio now found into one, it will make the Ratio of 

. a | 
S* A Ko to 1. | For Example, let " = + an 
Inch, cH= 3, ec=2, CE = IE; then HE being 
2, nd HO = 11,66, we have CO = 10,66 ; whence 
the above Ratio in Numbers will be . X — * 
6 1 1 r „ 
— = 40, 87. Therefore the Diameter of any Object 

. 1 F 

is magnified near 41 times by ſuch a Compound Mis 
crolcope-: it; + ©: 1 WE 

20. If this Calculation be ggquired into, we ſhall find 
that the Glaſs G K diminiſhes the magnifying Power, 
which is greater by the Eye-Glaſs D F alone, and more 
diſtinct. Thus in Fig, II. of the large Plate XLVI. if 
the lower Glaſs D E were taken away, the Rays would 
go on and be united in a Focus at the Points + © is 
and there form an Image of the Length MN; but by 
replacing the Glaſs D E we ſhall have the large Image 
MN contracted. into a leſſer mn, Now this larger 
Image MN may be conſidered as formed by the Lens 
DE at a negative Focus from an Object n, whoſe, 
Diſtance FB is leſs than the focal Diſtance of the ſaid 
Lens: All which is eaſy to underſtand from the fore- 
going Theory of Dioptrics. | 


, 


8 Orrien 8 13 49 

Glas GH; where it alſo diftinQly views 
the M1CROMETER, # #6 palling-over a mix | 
5 | ö 9 oY nute 


21. Now a ©: MN. bf:fP; and drawing M F 
and NF, we have MN: mn: FP: FB, betauſe the 
Object and its Image do in N fubtend the ſame 
Angle from the Vertex of the Lens, as was ſhewn' be. | 
fore, Since FP is given, ſo alſo is FB, from the com- 8 | 

+ Is | t 7 er i | 
R NY 
convex Lens; or =, for a' plans-conyex 
one, For ace the Focus F is negatives or === 
—f=FP, therefore 4r = —4f + 7; "and fo dr 4 


r N 
* yy” = . B; — 
df rf; therefore f 7 err ; and alt= 
d, in a Plano Convex. * 


22. It is evident from the Scheme, that no more of 
the large Image MN, or of the contracted one nn can 
be viewed through the Eye-Glaſs HG, than what is 
contained between. the perpendicular Lines H C and 
GA; and that therefore a much greater Part of the 
Object can be ſeen in the Image m u, than in the Image 
MN, which is wholly owing to its being contracted by 
the large Lens DE; and this is all the Reaſon of its 
Uſe. | N 8 

23. The next Sort of Microſcope I ſhall take notice pl 
of is a Catadioptric one, i. e. ſuch an one as performs Ivy 
its Effects by Reflection and a of es Jointly ; for it js 5 
conſtructed with a ſmall Object Speculum fed, whoſe * 'S* 9 
Focus is at F; and it has been ſhewn, that if a ſmall 
Object a b be placed a little farther from the Speculum 
than the Focus f, where will be formed a large Ima 
thereof AB; which Image will be inverted, and in 
Proportion to the Object as the Diſtance Ce to the Diſ- 
tance ee, as when an Object Lens was uſed, 

Vor. III. E 24. Part 


80 Orrs. V 
nute Part of che Image in meaſuring it 
But what is farther neceſſary in the Theory Ill | 
2 n pſt | and 


24. Part of this Image is viewed by an Eye-Glaſs 

F D, which is or ought to be 4 Meniſcus, as hert re- 

preſented z, becauſe the Image being formed by Reflec- t 
tion,, it will be more perfe and admit of a dee e 

Charge in the Eye- Glase D F; and thoſe of the A. il ( 

niſcus Form are beſt for this Purpoſe, becauſe the Erro . 

pf the: Rays, ay ph gs the..Confuſion cauſed ] 
thereby, in the Refraction made at the eonvex Surface, 

arg in a great meaſure rectiſied by the contrary Refraction 

| | at the concave Surface, as is eaſy to tnderſtand from 

TE what has been ſaid of refracted Light, Annot. CXVII. 4 

14 Plate 25. Another Sort of Catoptric or Rifietting Micros 

| | XLV. ſcape is conſtructed with two Speculums, a bed and f 

| Fig. 10, A CD, with a central Hole in each. The large Spe- 7 

| :culum-is concave, the other convex, and both of-equal ( 

5 

t] 

ſ 


1 Sphericity. They have their Focus at one Inch Dif- 
1 ,tance, and placed at the Diſtance of 1, Inch froni each 
other, that Ib an Object OPQ, being placed a little 


i ö TY | , * 2 1 ( 
before the ſmall, Spectlum, might be nearer to the large p 
| ee 9) TUO, 7 Ir b 
| | 286. This being the Cale, the Rays, PA, PD, which Ml 1: 
I | flow from the Point P to the Speculum A D, will be 


S reflected towards a Focus p, where an Image 9p q would ll of 
| be formed, if the Rays were not intercepted by the con- fc 
| vex Speculum ab; and the Point p being nearer than Wl a: 
| its Focus f, the Rays Aa, D d, which tend towards it, a 
will be reflected to; x Focus P, where the laſt Image. Wl as 
OP & will be formed, to be viewed by the Eye-Glafts F 
G, tranſmitting parallel Rays to the Eye at J. 
27. The Power of magnifying in this Microſcope is ¶ ce 
thus eſtimated. (T.) The Object OP ſeen from the re 
Vertex V of the Speculum AD is to the ſame! ſeen at ll cu 
the Diſtance of 6 Inches from the naked Eye as 6 to 


— * — — 


VP, or as vp (2.) The firſt Image 0p g, (to be con- th 


| ſidered now as a virtual Obje&) ſeen from the Ver my dy 
: | |; 


Of res. 
and Structure of theſe Microſcopes may be 
found in my Micrographia « Nova, together 
Re with 


of the Mirrour A D, is to the ſame ſeen from the Ver- 
tex v of the Mirrour a d as p to Vp, or =, 
(3.) Laſtly, the Image OP ©, ſeen from the Vertex v 
of the Speculum a d, is to the ſame ſeen through the 
nenn | 


Eye-Glaſs G, as G P to Po, or as - Where the 


| 93. 
| yy 6 0 of Oo EN BF 
whole magnifying Power is as N = * to Te 
This Contrivance we owe to Dr. Smith of Cambridge. 

28. But a better Form and eaſier Method of con- 
ſtructing a Catoptric Microſcope, with two. reflecting 
Mirrours, is that which follows. ABC DEF is a 
Caſe or Tube, in one End of which is placed a con- 
cave Speculum G H, with a Hole I K in the Middle; 
the Centre of this Speculum is at c, and its Focus at O, 
ſo that VO = Oc. At the open End of the Tube is 
placed a ſmall convex Speculum d ef, on a Foot e f, 
by which it is moveable nearer to or. farther from the 
larger Speculum, G H, as Occaſion requires. 

29. If now an Object a b be poſited in the Centre 
of the large Speculum, the Image thereof a & will be 
formed in the ſame Place, as has been ſhewn already; 
and this Conſideration is all the Reaſon of this Form of 
a Microſcope ; for, if now we look upon the Image 46 
as an Object nearer to the convex Speculum df than its 
Focus f, tis plain a larger Image A B will be formed 
thereby at the Focus C; or that Rays G, H, pro- 
ceeding from any Point c in the Object a b, will be 
reflected back upon themſelves, as being perpendi- 
cular to the Speculum; but the refracted Rays meeting 
with, or impinging on, the convex Surface of the Spe- 
culum d f, will (as they tend to a Point c, nearer than 


the Focus 7) be reflected to a Focus C, which is found 


by the Theorem — 7 F (Annet. CXXV). 
1 30. For 


Plate 
XLVII. 


Fig. 10. 
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4 ES» „„ 


Op 1 C 8. 


with a large Account of all Kinds of Mg. 
croſcopic Objetts, and a Deſcription of the 
| Solar 


30. For in this Caſe F r e c, and d= e C; ind ſince 
dr =rf+24df, we have IL. a Thu if, wn 


— 


= D=4 Inches =eC; andab: AB:: 08 : 43 


ticle 23, 24. only there is but one Reflection, and here 
is two ; and there a ſmall Concave was uſed, but here 
a Convex ; becauſe by this means the Inſtrument-is 
ſhorter by twice the focal Diſtance e F nearly, which is 
very conſiderable, as being + Part of the whole. 

31. I ſhall ſhew in the next Annotation how both theſe 
Microſcopes may be had very conveniently in the re- 
flecting Teleſcope, and conclude this with an Account 
of the Nature and Uſe of the Micrometer for meaſuring 
the ſmalleſt Parts of natural Bodies; and here I ſhall 
not take Notice of the ſeveral uncertain conjectural Me- 
thods deſcribed by others, but only ſuch as I uſe in my 
ewn Microſcopes, which is ſtrictly Mechanical, and 
gives the Meaſurement abſolutely. | 

32. The MicRoMETER conſiſts of a graduated cir- 
cular Plate X, of a Screw 9e, and its Index q7, The 
Threads of the Screw are ſuch, that 50 make the Length 
of one Inch exactly. When it is to be uſed, the Point 
ois ſet to the Side of the Part to be meaſured, and then 
the Index is turned about with the Finger, till the Eye 
perceives the Point has juſt paſſed over the Diameter of 
the Part ; then the Number of Turns, and Parts of a 
Turn, ſhewn by the graduated Circle, will give the 

| Dimenſions 


2 wh _- W 


aa SS pow CL. 


2 


OrTics. 


Solar Microſcope. Yet, that the Reader may 
have an Idea of the two new Forms of Mi- 
croſcopes deſcribed in that Book, I have 
here annexed the Plates, vix. of the PockET 
and UNIVERSAL MicRoscove reſpectively. 

THE TELESCOPE is of two Soris, vix. 
Duptric, or Ręfructing; or Cara-Dioptric, 
by Refßection and Refrain conjointly. A 
refratting Teleſcope conſiſts of an Object- 
Glaſs x 2, oy wry” * _ te d of an 
e . Object 


Dimenſions in Parts of a an lakh, 4 1 e tew by the 
following Example. 


33. Suppoſe it required' to mnaafiile the Diameter of 


an human Hair, and I obſerve the Index j is he juſt 
once round while the Point paſſes 0 over it, en 'tis 
plain the Diameter of the Hair in the Image is „, of an 
Inch. Now if the Mictoſcope ma ifies 6 times, or 
makes the Image 6 times larger in I. Bias than the 
Object, then is the Diameter of the Hair itſelf bur of 
{> that is but 386 Part of an Inch, , 

. Alſo it is to be obſerved, that as there are ten 
large Diviſions, and twenty f ſnall ones, on the Micro- 
meter Plate, ſo each of thoſe ſmall Diviſions are the #2 10 
of u, or the die Part of an Inch. Therefore, if in 
meaſuring any Part of an Object, you obſerve how 
many of theſe ſmaller Diviſions are 4 0 over by the 
Index, you will have ſo many dach Parts of an Inch 
for the — 59 required. All which is ſo plain, that 
nothing can be ſaid to illuſtrate the Matter. 

35. In Plate XLVIII. I have given a Print of the 
Form of my New PocktT-Microscops furniſhed 
with the MiCRoMETER above deſcribed. This Micro- 
ſcope is of the moſt ſimple Structure, moſt eaſy and ex- 
peditious for Uſe, and comes at the leaſt Price of any 
hitherto invented of the compound Sort, 
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XLVIII. 
Fig. 8. 
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Object OB, at a Diſtance, is formed in the 


QyT1cs, 


Focus e of the ſaid Glaſs, and in an in- 


verted Pojition, This Image may be view'd 


by a ſingle Lens @ 6, placed at its Focal 
Diſtance, as is uſually done for viewing 
the heavenly Bodies, becauſe in them we 
regard not the Poſition : But for viewing 
Objects near us, whoſe Image we would 
have erect, we muſt for that Purpoſe add 
a ſecond Lens p 9, at double its Focal Diſ- 
tance from the other, that the Rays which 
come from 46 may croſs each other in the 
Focus O, in order to erect the Image g 3, 
which it will form in its own Focus m, be- 
cauſe the Rays come parallel from the firſt 


Lens 4 6. Laſtly, a third Lens 7c is added, 


to view that ſecondary Image gn. Theſe 
three Lenſes, or Eye-Glaſſes, are uſually of 
the ſame Size and Focal Length; and the 
Power of magnifying is always as the Fo- 
cal Length of the Objeft-Glaſs e w divided by 
the Focal Length of the Eye-Glaſs | m or he. 


For inſtance : . Suppoſe e w = 10 Feet or 


120 Inches, and he or /m = 3 Inches; then 
will the Length of the Object appear to 
the Eye through ſuch a Teleſcope 40 
times larger than to the naked Eye; and 


its Surface will be magnified 1600 times, 
and 
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mon refracting Teleſcope is above deſcribed, and is fo. 
evident from the Figure, that I ſhall ſay nothing farther | 
relating to its Compo'ition, but ſhall proceed to ſhew - 
the Imperfection of this Teleſcope, and that it ariſes. 


from the different Refrangibility of common Light, and 
not from the ſpherical Figure of the Glaſs, as the Opti- 
cians before Sir FR ewton's Time imagined, and 
therefore propoſed to bring them to greater Perfection 


by introducing the Met of grinding-and poliſhing - 


Glaſſes of the Figure of one or other of the Conc 
Sections. | | 2 


2. But this great Philoſopher ſoon ſhewed them their 


Miſtake, by proving that the Error ariſmg from the 


Figure of the Glaſs was many hundred times leſs than 
that which proceeded from the unequal Refrangibility 
of the Rays, and was ſo ſmall as to be altogether incon- 


* 
- 


ſiderable; and this he did by an elegant Method in his 


Leftiones Opticæ, which I ſhall here tranſlate from that 
admirable Book. 8 

5 Let N BM be a ſpherical Surface, C the Centre, 
CB the Semidiameter or Axis parallel to the incident 
Rays, AN an incident Ray, and NK the fame re- 
fracted, cutting the Axis CB produced in the Point 
K; and let F be the Solar or principal Focus, where 
the Rays meet the Axis which are infinitely near to the 
Axis. The Error K F is now to be determined. 

4. Let fall the Perpendiculars C E upon NK, and 
NG upon C K, and call CB a, GB =x, and CE 


=2z; and from the Nature of the Circle we have NG. 
=2ax—xx, to which add GK*=(z—a+x) 


2 T2 X 2— 242 ＋⁹ - 24 T4, and the Sum will 
be NK =z* + 2xz—2az ＋ 4a. 
5. Now fince NG: CE.-:I:R, viz. as the Sine 


of Incidence to the Sine of Refraction; and becauſe of 


ſimilar Triangles C E K and NG, it is NG: CE :: 
EF 2xz—2az+a: 2; and Pz2=z + 
E 4 2X% 


NK:CK:1:R; therefore I:: R* :: (NK*: CK.) 


; R 


OrTT1TcCs. 
Ir inſtead of a convex Eyr-Gluſt we ſhould 


uſe a concave one of the ſame Focal Lengths 


it 

2 xĩ 12 242 A XR? and by Nele en 

24 2 R*—2x2R*—a*R* — R414 
"nah I and (putting * 


2 77 


a Sos | 
=, we have 2 2K f., and 2 —2 22 


R* 
NT and e the Square, K* — 212 oy 


* and extracting the Root, 284 


N 
1-1. whence by Subſtitution we have) 2 


— RVTi—2R 24 * ＋ * 
3 

6. And, reducing * JET Part to an infinite Se- 
ries we have E W Rt 22 

G PA. 

F 1* 42172 2125 
Se. * . #=0 & e F; whence 
; R* x x? | i . 

CF—CK= KERN Sc. which is 
the Value of the Error required. 


7. Hence when B G or x is exceeding ſmall, r 


= K. F nearly; becauſe in that Caſe the other Terms, 
where the aſcending Powers of x are found, become 
extremely ſal}; and nothing In regard to the firſt Term 


where x is ſingle. 


8. Again; putting NG= =, we have 


EKF nearly; for NG'—B6OxBTTTG=BG 
X 2BC nearly, (from the Hlements) that i is, * 242 


nearly, or = L. If then for-# in the Equation of 


I the 


wk 


OrrTxcs 
it would repreſent the Object ere, equally 
magnified, and more diſtinct and bright; 
: but 


the laſt Article we fabſtiture its y alue 2 a! it Preh the 


Equation above in this. „ gr] 

9. Hence alſo it follows, that the Error K Fi is al- 
ways as the Sagitta or verſed Sine G B, or the Square 
of the Semichord N GW. 

10. If the Ray AN K be given ip Poſition,” and an 
be any other parallel Ray nearer to the Axis, and on 
the other Side; of which let n # be the refracted Part 
cutting the Axis in k, and the refracted Ray NK in Q. 
and from Q draw Qs perpendicular to the Axis: Then 
will the Line K o become greateſt of all, or a Maxi- 
mum, when the Raya n is about half the Diftance of 
the Ray A N from the Axis. 

11. For, draw n erpenditular to = Axis, and put 
ng=v, Ko=s, K 2 „, and KF =; and ſince, 
_ 9, we have NG":ng: KF: HF, or * : 

ow h 


2 5: In =}F. therefore KF —F = KEk=h— 


. | 4 


h v* —byy—hvv 

L. Jy 

12. Mercer, G K : GN :: Ko: Qs;  wherefore 

IEF Alſo gn: GK (=g I nearly) :: Q of= 
r therefore l TK. I. EEK (= 

— 


; and dividing by v+ y, and reducing the 


Equation, we have 5= — — | 


13. Now to determine 51 a he imum, we muſt make 


its Fluxion = 1 . 


hence we get h © y— 4 bai o, that i is < 25 , 


ar 
2 { 
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-Or'T1ICs. 


but the Diſadvantage' of this Glaſs is, that 
it admits of but a ſmall Area, or Field of 


View, 


or 2 =y, or 2ng = NG, when ; or K o is greateſt 


ofall i; ai 


14. Therefore K FY when greateſt, is equal to about 
Z of K F; for if in the Equation expreſſing the Value 
of 5 (in Article 12.) you write 2 0 for 5, there will ariſe 
2 h — | | 18 0 
4 A 


15. Alſo becauſe C F—CB — B F = GK nearly, 


b = by 14 
therefore G K =F—1—* Ir Whence ſince 
14 8. it — 1 — 
GK(=5=):GN(=y):Ko(= KF= 


R* y* ; - D R * 

C DNF nas. 
16, If the Arch BM he taken equal to the Arch 

B N, and Bm = BN, and Rays incident on M and m 

are refracted interſecting each other in the Point P, then 


SEES 1 * 
tis evident PQ 2 Q 1 and it is alſo plain, 


that all the Rays which fall on the Curve between N 
and M are fo retracted as to paſs through the Space PQ, 
and that the ſaid circular Space P Q 1s the leaſt poſſible 
in which all the Rays can Fongregated 3 and there- 
fore that this Space is the Focus or Place of the Image. 
of an Object, which ſends parallel Rays upon the whole 
Surface of the Lens NBM. 

17. For no Rays can be refracted without this Space, 
becauſe ſince Qs is in a given Ratio to K e, it will be 
at the ſame time a Maximum with it; and therefore the 
Point Q is the moſt remote from the Axis, in which 
any of thoſe refracted towards F, can poſſibly interſect 
the external Ray NK. Neither can they be refracted 
into a leſs Space, becauſe the Rays MK, N K, cut the 
external Rays 4 and & in the Points P and Q, by 
which the Space PQ is terminated. | 

18. If the Radius of the Circle (or Lens) N BM be 
conſtant, the lateral Error PQ will be as , or as 

| the 


Or Ties. 


View, and therefore not to be uſed when 
we would ſee much of an Object, or take 
| in 


the Cube of the Breadth of the Aperture NM. Alſo, 

if the Aperture of the Lens remain the ſame, the ſaid 

Error P Q will be reciprocally as a a, or as C B*, and 

therefore as B F, ſince C Hand B F are in a given 

Ratio. But if neither the Magnitude of the Cirele 

nor of the —_ be conſtant, the Error P Q will 
1 N 3 . , | #1 


14 } 7 Way F 3 A 1 
be as 2 or as as is evident from its Value 
a®? BF = | 

Foy ny 


= 2 —, wherein the Part => is conſtant, and there- 


— 


11 j 


fore omitted, Thus far Sir 1 r 
19. In all that has been ſaid in the preceding Articles, 


we are to underſtand Sir Iſaac's Deſign is ta ſhew what 
the Quantity of the, Error, is, and in what, Proportion 
it varies, that ariſes, from the circular Figure of the 
Glaſs only in refracting the ſame Ray as it is nęarer to 
or farther from the Axis, And therefore we are to un- 
derſtand that the Rays here meant are homogeneal, or 
all of the ſame Sort, and which admit of no . from 
a different Refrangibilit . 

20. Hence we are able to compare the Errors ariſing 
from the different Refrangibility of the Rays, and from 
the ſpherical Figure of the Glaſs (ſuppoſing it a Plane- 
Convex, as it commonly is) in a Teleſcope of any given 
Length. For Example: In a refracting Teleſcope of 
100 Feet Length, that is, where BF = 2B CS 24 
D = Diameter of the Sphere 1200 Inches, y NG 
=2 Inches, and let I: R :: 20: 31 out of Glaſs into Air, 
Then will the Expreſſion for the lateral Error from the 

rann 
. unn 2 41 a? 725 4/X-20X20X 600X 600 
=— 9 parts of an Ieh; the Diameter of che 
72000000 J ot ei n its n A 16079043 


circulzr Space PQ. οnνπνjνν OO) 4 eq? os . 


21. The Diameter of the little Circle through which 
the Rays are ſcatter d by unequal Refrangibility is * 


Oyries. 


in a great Scope; but it is uſed to great Ad- 
vantage in viewing the Planets and their 
Satellites, 


the 55th Part of the Breadth of the Aperture of the 
Object-Glaſs (as we have already ſhewn) that is, in 
the preſent Oaſe, 2 S th Part of 4 Inches, or. 


a 55 
Wherefore the Error ariſing-from'the ſpherical Figure 
of the Glaſs is to that e the different Refran- 


. 2 that is, as 1 to 
72000000 55 
5449; and therefore being in compariſon fo very ſmall, 
deſerves not to be conſidered in the Theory of Tele- 
ſcopes; d 4 4d e as NN Er 
22 Let us now ſee, acvording to Sir Iſaac's Method, 
what the Value of his Tateral ErrorP Q is in the Rays re- 
flected from a ſpherical Surface, where every Part is de- 
noted by the ſame Letters as before ; only now the re- 
fracted Ray NK is the reflected Ray: And here alſo N G- 
S2 . x, and G K* (a — 4 — x* =) * — 
2d &ͤ - 222 Tπ Q, 2 Zz XK +23, as before, (Article 4.) 
therefore NG TLG K SNR“ = — 222 + 
2x'2 + 2 E; becauſe NK = CK, from the 
Law of Reflection. Whence a = 2a z — 2x 2, and 


& . 9; =CK; but CF =* a, there- 
4 | 


gibility of the Rays as 


therefore z = 


BETTHDEIEN 1 Lond 
33 my of | *. 81 ” ond : | 
1 „ 
r * of . 
a—x X02 -+ | n 5 
Th - 5 . . . a 
23. Hence, when x is indefinitely ſmall, F K 2 — 


N . 2 4 
= EX ZG nearly; and berauſe yy 24 nearly, 
(ſee Article 8.) therefore — =ix=FK; and hence 
it appears, that the Error K F is always as x or the 
verſed Sine GB, or as y*, or Square of the Sine or 


Semi-Aperture NG. 
24. Aga; 


OrT1cs | 


Satellites, Saturn's Ring, Jupiter's Belts, N 
This is called the Galilaan T eleſeape, from 
Galileo, 


1 thing in Art. 10, 11, 12, 13, and 
14, 5 the ſame — and i K am 1 KF 


_ And becauſe, G K is newly equal BF =} a, 


therefore G K: G Ni: Nee; that 18, za: y, 5s. 
ATT a: conſequently, „ = 


en 8aa © 


AOL * 
, A. J. | LT Coins I 


1 4 4. 


= aa 

25. Hence if we put a= B02 Radius of "the re- 
flecting Sphere, N B M, we ſhall have PQ in the re- 
fracting Surface or W to P * the refleQing * 


face or Mirrour, as rege ef. or Gf Sa) 1 


to 1, that is, as 2, 4 tö 1; duet the Error by Refra 
tion is near twice and 4 5 greater” than that by K. 
flettion, when the Radius of th rar Is this ſame in 
both. 

26. If the Medium be- wen, wer the Ratio of 1 toR, 
and alſo the Aperture N Mr 275 ; then the Error by 


C430! 4 


Reflection is to that by Refradtion as 60 —. Hence, 


ſince if the focal Diſtance of a refleting Teleſcope and 

a W e one be equal, we have a = 4 a, therefore 

—— bhp 76 to I, it appears that the Error PQ in 
aa 

the Refractor is to that of the Reflector as 16 to 1, 


27. Again; it appears, that in the Reflector, as well 


as the Refractor, the Error is (cæteris paribus) propor- 
tional to y?, or the Cube of the Aperture of the Ob- 
ject- Metal NBM. 

28. Laſtly, we obſerve in the refracting Teleſcope, 
if the Radius CB =: 4, and Semi-Aperture NG=y, 


be given, the Error P Beil! be as Toh Hence, if the 
| Lens 
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Plate 
XLVII. 
Fig. 3. 


Fig. 4. 


OrrTic 8. 
Galle the Inventor, and is the firſt Sort of 
Telescope ever made. 


Taz 
WA 37 427.44 R j þ x yl 
Lend be Gag; we have Ben HE 2 2,4; and if 
the Lens beWater, whale = 5 += — 5 „7%. | 


+. 
T herefore the 'Emor by wa 22d in a G aſs-Lens i is 
to thit in a Water-Lens en paribus) as 2, to 
1,777, or as 4 to 3 nearly , 
29. Before Sir Iſaac Newton, all Opticians moni 
the Indiſtinctneſs or Imperfection of Teleſcopes was 


| og wholly to the Figure of the Glaſs or Lens; 


which put them upon introducing the Figures of the 
Conic Sections, becauſe, being acquainted with the Ra- 
tios of Incidence and Refraction, they could find by 
Geometry that an Aberration of Rays from the princi- 


pal Focus F would be occalioned by the Curvature of 


the Glaſs, and that was always leſs of courſe as the 
Curvature was leſs ; and that therefore if NBD, EBF, 

OBP, and QBR re reſent the curved Surkac> of a 
Cirel, an Ellipſig, a a Parabola and an Hyperbola, whoſe 
common Focus is C, tis plain, if a parallel Ray AN 
be incident on each of theſe Curyes in the Points N, a, 
b, c, the Aherration or Error cauſed in the Ray by Re- 
fraRian j in each will be as the Curvature is leſs, or as 


the Radius of Curvature in the Points N, a, b, c, in- 


creaſes; and it has been ſhewn to be as the Square of 
that Radius inverſely. (See Art. 18 and 26.) Conſe- 
quently, ſince the perture and principal Focus is the 
ſame in all thoſe Lenſes, the Errors of the Rays will 
be leſſened in each of them reſpectively, 

30. But if the Imperfection of the refracting Tele- 
ſcope had been owing only to the ſpherical Figure of 
the Glaſs, Sir Iſaac N propoſed a Remedy without 
Recourſe to wh Conic Sections, which was by compoſing 
the Obje&t-Glaſs of two Meniſcus- Glaſſes, with Water 
between them. Thus let AD F C repreſent the Ob- 


ject-Glaſs compoſed of two Glaſſes A B E D and BE 


FC, alike convex on the Outſides A G D and CH F, 
an 


Op rie. 
THz; Cata-dioptric- or 1 Refleling Teliſcape 


is the moſt noble and uſeful of all others; 
25 the 
and alike concave on che Inſides B M E, B Ws vith 


Water in the' Cavity B MEN: 1 " 
31. Now let the Sines of Incidente ard . 
but of Glaſs into Kir be as I: to R, and out of Water 


into Air as K to R 4 then dut of Glaſs into Water they 
will be as I to K, (Aunot. CXVII.) And let the Dia- 


meter of the Sphere to wich the convex Sides are 
ground be D, and the Diameter of the Sphere to which 
the concave” Sides are Rang to N as the Cube Root 


of K — I & K to the Cybe'Root ef R =I N R. 
Then the Refractiotis on the STINT Sides'of the Glaſſes 


will be very much correg 2 Errors nh ctlons 
on the convex Sides, fo far as t ey ariſe th rom the Sphe- 
ricalneſs of the Figure 


32. But fince' thoſeLrhpband/ FAS of. Gur and 


Water are with Trouble andlifficulty malle, Opticians 
have applied themſelves to invent the beſt Figure of 
Lenſes for this Purpoſe, That is, ſuch that the Refrac- 
tion at the ſecond Surface might correct the Errors of 
Refraction at the firſt Surface (ariſing; froth the Figure 
of the Glaſs only) as much as pofible : And the famous 
Hu gens has given us # Theorem 7 which he proves, the 
following Particulars... 

33- Firſt, That when patallel Rays fall upon the 
plane Side of a plano-convex, Lens, the (longitudinal) 
Aberration of the extreme Ray is? of the Thickneſs, 
and is leſs than the like Aberration 08 by any Me- 
niſcus-Glaſs whoſe concave. Side.; is expoſed ih; the inci- 
dent Rays. 

34. Secondly, When the ſaid Glaſſes bag. thei con- 
vex Sides turned to the, incident Rays, the Aberration 
of the extreme Ray in the Plano-Convex is Z of its 


Thickneſs, and is leſs than the like Aherration of any. 


Meniſcus in this Poſition. 


35. Thirdly, That a Udtible convex Glatz, "whoſe | 


Radius of the firſt Surface, on which-the Rays fall, is 


to that of the Second Surface as 2 to 5, is jult 25 good 
as 


=== oy —_—_ 
1 — - — 


nu 


— _ + © — 4 
32 — 


— 


—— 2 — SAS 


6 


4 


| of — fame Thickneſs in its beſt Poſition, 


inverted it is only . In a Double Concaye likewiſe, 


ture, Thickneſs, and focal Diſtance is ſuppoſed, and 


Aberration cauſed by the Figure bears ſo ſmall a Pro- 


Oer. 


the Mechany/m wheroof is as follows: AB 
EH is the large Tube or Body of the In- 


ſtrument, 


as the Plano» Convex in its beſt Poſition, oy Error be- 
ing in both 7 of their common Thickneſs. 

36. Fourthly, When the Radii of a Bete Convex 
are equal, the Aberration is 4 of the Thickneſs; and 
therefore ſuch a Lens is not ſo good as a Plano-Conyes 


” „But if the Radius of the firſt Surface be 
* a the ſecond as 1 to 6, it is then the beſt Glaſs 
of all, its Aberration then being the leaſt poſſible, uit. 

+5 of its Thickneſs. But if this beſt Glaſs be turned 
with its other Side to the Rays, the Aberration will he 


2 45 and therefore becomes much worſe than before. 


38. Sixthly, When a Plano-Concave has its plane 
Side turned towards parallel Rays, the Aberration of 
the extreme Ray is alſo g; of the hickneſs and when 


whoſe Radil of the firſt and ſecond: Surfaces are as 1 to 
6, the Aberration is the leaſt poſſible, viz. 1A, as above 
in the like Convex. ' | 
39. Hence the Glaſſes of common Spectacles ought 
to have the Figure of the Convex in Art. 37, and thoſe 
Hand-Glaſſes which ſhort-ſighted People uſe ought to 
be ſuch Concaves as are laſt mention'd. 
40. In all the abovementioned Glaſſes the ſame Aper- 


that they differ in nothing but the Figure ariſing from 
the various Magnitude and Poſition of their Radii re- 
ſpectively. But after all, ſince, as we have ſhewn, the 


portion to that by the different Refrangibility of Rays, 
the Perfection of refrafting Teleſcopes becomes deſpe- 
rate, and can only admit of Improvement by inereaſ- 
ing their Length. 

41. From hence long Teleſcopes became of common 
Uſe; and fo great were the Improvements of this Sort, 


that for viewing the celeſtial Bodies the Tube of the 
Teleſcope 


S 4- & 


R K 


Nr 


8 8 . 


a 


© a 


0 P T IC 86. 
ſtrument, in wbich BE is a large reſſecting 
Mirrour, with ga Hale in thts Mt C 95 


Teleſcope Was, .thro W and a "TO invented 
by Hugenius of 1 Pod <p vith much reater Eaſe, 
and of a greater . * he 1 Jo fix the 
Jig 


Obj.t-Glaſs upon, 2 Pole; and 
Pap, 1 of a 


direted its Axis 
Silk-Line Coming 770 Fa 15 RED} E-Glaſs 
below. In th 2 r SE oe W gde i to the - 
Length of 123 

42. Theſes were on Tel 5 as bein uſed 
without a Tube ina d be; 5 Wh be a Tube 
is not only to dire 5 o Make the 
Part dark where the 1 ages DE Qs are formed; 
for in Teleſcopes, as wellas in the CameraiOk ure, ive 
ought to have no other 1 come to the 5 than 


what proceeds from r i r [ine wh the bjects 
abroad. HI „hh ener 

43. In order to ab meg belege Pb perten Tele- 
ſcopes are to be lengtſſe that they ſiall magnify 


in any propoſed De boy 25 the Tame Hiſtinctneſs and 
Brightneſs of the ect, we are to confider; that the 
Indiſtinctneſs of Viſion conſiſt Ain this, "that" the ; fenſible 
Image of a lucid Point” in the G en r at ins in the 
Image, but a circu far oh? 800 that rag bontiguous 
Points in the Obje 9 of thoſe Ates in the 
Image, whoſe Cen "Ate = zUOUuS; and therefore as 
thoſe two Areas are "tiff entirely! with each 
other, the Repreſentation of the ſaid bv Points in the 
Object is not diſtinct Þ1 Tonfirfed, 3 1 

44. And ſince this is the Caſe With riſpeft- to every 


'other Point in the 91 985 © tis'E ent! there will be a 
int 


Mixture of ſo man ect in every Point 
of the confuſed Piclure, as tfliere 470 ints in the Circle 
of Aberration ; ſince the Cerrt —— any ane! Circle of 
Aberration will be covered by Wothite Circlev'of Aber- 
ration, whoſe Centres fal 15 thaPertmetdr of the 
firſt mentioned Circle; or, ih bthetW ofts, © there will 
be ſuch a Number of Points Tei the Object mixed in 

Vor. III. F any 


OrrTics, 


—_ This 'Mirrour receives the Rays à c, 3 d. 


, 


| 2 8 from the Object at a Diſtance, and 
reflects 


any one Point in the confuſed Image, as is proportional 
to the Area of the Circle of Aberration. 

45. Hence, ſince this confuſed Repreſentation of ſe- 
veral Points in one is impreſſed on the Retina by the 
Eye-Glaſs, and from thence conveyed to the Common 
Senſory, it appears that the Indi/tinetneſs of an Object is 
as the Area of a Circle of Aberration in the Focus of a, 
it Teleſcope, or as the Square of its Diameter. 

a Plate 46. Toilluſtrate this Matter, let A be a given Point, 

i | xXLVII B C an Object- -Glaſs of a Teleſcope, BCA a Pencil 
| of Rays _— from the Point upon the Glaſs ; each 

. * P : 

S Ray, AB, AC, will be fo refracted through the Lens, 
as that — moſt refrangible Part of each will meet and 
interſect each other in the Point F in the Axis, the mean 
refrangible Part will go to c, and the leaſt refrangible 
Part will meet and interſe:t the moſt ref; angible on 
each Side in the Points D and E; therefore D E will 
be the Diameter of the confuſed Image or Circle of | 
Aberrations a D & E, and c its Centre. 

3 47. Let H I be the Eye-Glaſs, and G its Centre 
1 then will the Angle DG E be that under which the 
| Circle of Aberrations is ſeen at the Eye-Glaſs, and con- 
W icquently at the Eye, (as we have ſhewn already). But 
this Angle is as the Subtenſe D E directly, and as the 


Perpendicular G c inverſely, that is, D GE is as 155 ? 


for it increaſes as D E increaſes while G c remains the 
ſame, and as Ge decreaſes while DE is conſtant; 
wherefore, ſince DE is always as the Angle DG FE, 


we have DE: 4 and ſo IM But DE? 


is as the Area of the Circle of Aberration, and there- 
fore as the Indiſtinctneſs of Viſion ; conſequently, the 
apparent Indiſtinctneſs of a given Object will be as 
DS. 


$44" 


orie. 


\ reflects them converging to its. Focus 6, 
where they croſs each other, and form the 
inverted 


48. Therefore the Diſtinctneſs of Viſion will be as 
——; or, becauſe DE = 4 CB the Diameter of the 


Aperture of the ObjeQ- Glaſs, therefore D E* will be 
as C B* ; and fo the Diſtinctneſs of a given Object will 
always be as Ge 


T YN that is, as the Syitare of the feral 


Diſtance of the Eye-Glaſs directly, and as the Square of 
the Diameter or Area of the Aperture inverſely. 
49. If then in any one refracting Teleſeo cope the Diſ- 


tinctneſs of an Object be repreſented by bes and in 


any other Teleſcope of the ſame Sort . 555 ; then if 


58 = Fs we have BC. X G = BC* X Go, „ Or 
BCXGec=BCXGc; and therefore BC: BC:: 

GS: Ec; that is, two refracting Teleſcopes ſhew an Ob- 
Jeet equally diftin&t, when the Diameters of | the Apertures 
of the Ohe Claes are as the focal Diſtances of thi Eye- 


z 
- 
— Glaſſes. 
” 


50. In reflefting Teleſcopes the Diameter of the Circle 

of Aberrations was PQ = 255 = L, (ſuppoſing D = 
aa k a 

24 SO of the Sphere; ſee Article 24.) whence 


P Q® = b. Let F = focal Diſtance of the Eye-Glaſs, 
| | * e 
? then the Indiſtinctneſs of Viſion will be as — Ar- 
: ticle 47.) = — _ 

. 51. Therefore if the ſame Parts in another Tele- 


602 65 
cope of this Sort be repreſented by 3 = =" i * 


F 2 and 


— — 
— —_— 
— — 


* — —— 


a 


OrTrics 

inverted Image IM, | xy is a fmall concave 
Mirrour, whoſe Focus is at y, at a ſmall 
Diſtance 


4 1. 2 
and ſince the Diſtinctneſs in each will be as _ and 

+ #2 F | , >. — 
- - ; then if we ſuppoſe the Object ſeen equally diſ- 
tinct in both, we ſhall have D! F* X ys = DFN, 

a 3 $. 
or D*Fyx=D* Fy*%, Hence F: F:: 5. ; Zi that 
is, Refieting Teleſcopes ſhew an Object equally diſtinct, 
when Hy foe 22 1 the E 7.6 laffe are 25 the 
Cubes of the Diameters of the large Specula or Objett-Me- 
tals, divided by the Square of the Diameter of the Spheres 
to which they are ground, or by the Square of the focal Diſ- 
tance of the Metals. | 

52. In any Teleſcope, or Double Microſcope, the 
Brightneſs of a given Image will be as the Quantity of 
Light by which it is ſhewn ; that is, as the Area of the 
Aperture of the Object-Glaſs, or as the Square of the 
Diameter. 

z. Allo, if the Area of the Aperture of an Object- 
Glaſs be given, the Brightneſs of the Image will be 
inverſely as its Area, or Square of its Diameter or 
Breadth : For the leſs the Area of the Picture is, the 
2 will be its Brightneſs by the ſame Quantity of 

ight. | 

. Therefore when neither the Apertures of the 
Glaſſes nor the Amplifications of the Picture are given, 
or the fame, the Brightneſs is as the Square of the 
Diameter of the Apertures directly, and the Square of 
the linear Dimenſions of the Pictures inverſely. 

55. Hence in all Sorts of Teleſcopes a given Objec 
appears equally bright, when the Diameters of the 
Apertures are as the linear Dimenſions of the Pictures: 
But the Picture is larger as the focal Diſtances of the 
Object-Glaſſes is ſo, and alſo as the focal Diſtance of 
the Eye-Glaſs is leſs; therefore the linear Dimenſions of 
Pictures are as the focal Diſtances of the Object-Glaſſes 

directly, 


* 


O FOES 


Diſtance from the Image. By this Meang 
the Rays coming from the Images are re- 


flected 


directly, and as the focal Diſtances of the Eye-Glaſſes 
inverſely, Let theſe be repreſented by F and F, and 
f, f, in any two Teleſcopes ; let D, d, be the Diame- 
ters of the Apertures, and L, I; the linear Dimenſions 
of the Pictures; then we have D: d :: L: I:: 7 +2, 
when Objects appear equally bright in both. ws 
56. Hence, fince the —_— of a Picture or 


Image is as L (Art. 54.) SF, (becauſe L = 7 


by the laſt) therefore if D or f be each increaſed in any 


Ratio, the Diſtinctneſs will remain the Tame as before, ; 


(by Art. 49.) and the linear Dimenſions of the Image 
will be Jimſa hed in the ſame Ratio, (fince Lis ere 
as f) but the Brightneſs of the Image will be increaſed 
in the quadruplicate Ratio of what it had before. For, 
57. Suppoſe F or the focal Length of the Teleſcope 
given, then the Brightneſs of the Picture will be in this 
Caſe as D* f*; and if D and f be increaſed each in the 
Ratio of 1 to m, then will the Brightneſs be in this 
Caſe as m* D* ff m* = D* f* m#,; ſo that the former 
Brightneſs is to this as D- f- to D f-, that is, as 1 
to n, which Ratio is quadruplicate of the Ratio 1 
3 ant Bw e 


58. Becauſe we bad P : 1 or D f: F , when Objects 


appear equally bright, (by Art. 55.) and when they are 
ſhewn pon diſtinct we ha 5 : f (by Art. 49); 
therefore in refracting Teleſcopes of various Lengths, 
that Objects may appear equally bright and equally 
diſtinct, it is requiſite that D“: F, and f* : F, or that 
Df: HV; that is, the Diameter of the Aperture and 
2 the focal Length of the Eye-Glaſs ſhould each by as 
= Square Root of the facal Diſtance ar Length ef the 
cleſcope. 
F 3 59. In 


— —— gt — — — — 


—— 


— — 


OrT1cs. 
flected back through the central Hole C D 
of the large Mirrour, where they -fall on 
the 
59. In this Caſe likewiſe the linear Dimenſions of the 


Pidiure or Image are in the ſame ſubduplicate Ratio of the 


Length of the Teleſcope ; becauſe, as was ſhewn, (Art. 55.) 
— directiy 2s the Diameter 65 the 
Aperture, which is here ſhewn to be as the Square Root 


of the Length of the Teleſcope. * 


o 


60. In reflecting "Teleſcopes, when the DiſtinQnefs 


3 | 1 3 * 
is given, we have F 2 , and therefore 55: D; F. (8 
= BVs +6. 7 4436 + HF D»? ” »& TA |} 0 1 | T 


Article 51.) Alſo when the Brightneſs is given we have : 


7. (Art. 55.) therefore F 4 N. Hence, when the Diſ- , 


tinctneſs and Brightneſs are both given, we have y? : 
4 3 UF i 0 . 
(D*F) = or : D?, ory: D;. | | 


61, The linear Dimenſions of the Picture -. were 


F 
28 5; that is, in this Caſe, P: Di, and therefore D: 
FD} ; whence F: LY Di. Hence in reflefting Tele- 
I = 4 \ 


lcopes of different Lengths a given Object will appear 
equally diftinf and bright, when the Diameters of the Ob- 
wit-Metals art as the' Biquadrate Roots of the Cubes of. 
#he Diameters of the Spheres or fecal Lengths of the Spe- 
cula ; or, 'when the focal Diſtances' of the E N are 
as the Biquadrate Root of the focal Diſtance of the pecula. 
62. According to the Theorems in Art. 48, 40, Hu- 
GENIUS calculated a Table of the linear Aperture of the 
Object-Glaſs, the focal Diſtance of the Eye-Glaſs, and 
the linear Amplification or magnifying Power of the 
Teleſcope from one which he found by Experience was 
conſtructed in'the beſt Manner. I. have reduced his 
Rhinland Meaſures to Engliſh Feet, Inches, and Deti- 
mal Parts, as follows. | 
: 1 | Focal 


Or rI Ces. 


the plano-convex Lens WX, and are by 
it converged to a Focus, and there form a 


ſecond 


Focal Linear A. Focal 
Diftance | perture of Diſtance of | Magnify, + 
4 the the Objet-| the Eye- ing Pow- 
bjeft- | Glaſs. Glaſs. | er. | 
Glaſs. 
Feet. Inch. Dec. Inch. Dec. 
I 0,545 -| o, 605 20 
2- | ' 0,76 0,34 27,0 
3 0,94 !“ 1504 335 
4 1,08 1,18 39,5 
1 1,33 44 
6 1,32 1,45 49 
7 | 1543 1,58 53 
8 | 1,53 1,69 55 
9 1,02 1,78 59 
10 1,71 1,88 62 
. 2,10 2,30 76 
20 2,43 2,68 88 
30 3,00 3,28 18 
40 343 3.76 129 ::4 
50 3784 4,20 140 
60 4,20 4,00 {+ RET 
70 4555 550 164 
80 4,83 „%% 1% 
go | 5,15 5,05 197 
100 5540 3595 197 
120 5,99 6,52 1 A 


„* 


63. Since it has been ſhewn that the Errors ariſing 
from the different Refrangibility of Rays, and of Conſe- 
quence the Indiſtinctneſs of Viſion by refracting Tele- 
icopes is fo very great, a Queſtion may be put, Row it 
comes to paſs Objects appear through ſuch Teleſcopes fo 
diſtinct as they do? To which it may be anſwer'd, *Tis 
becauſe the erratic Rays are not uniformly ſcatter'd over 


F 4 


all 


Or fi1cs. 

ſecond Image R 8, very large and ered, 
which is viewed by a Meniſcus Eye-Glaſt 
YZ 


all the Area of the Circle of Aberration, but collected 
infinitely more denſely in the Centre than in any other 
Part of that circular Space, growing rarer and rarer to. 
wards the Circumference, where, in Compariſon, they 
are infinitely rare, and affect not the Senſe any where 
but in the Centre, and very near it, on that Account, 

64. Tis farther to be obſerved, that the moſt lumi. 
nous of all the Priſmatic Colours are the Yellow and 
the Oran e; theſe effect the Senſes more Aung! than 
all the — put together; and next to theſe in Strength 
are the Red and Green, The Blue compared with 
theſe is a faint and dark Colour, and the Indigo and 
Violet are much darker and fainter; ſo that theſe, com- 
pared with the ſtranger Colours, are little to be re- 

arded. 

: 65. The Images of Objects are therefore ta be placed 
not in the Focus of the mean refrangible Rays, which 
are in the Confine of Green and Blue, but in the Focus 
of thoſe Rays which are in the Middle of the Orange 
and Yellow, there where the Colour is moſt luminous 
and fulgent ; that is, the brighteſt Yellow, that Yellow 
which inclines more to Orange than to Green, 

66, Now it has been ſhewn ( Annot, CXVIII. g.) 
that the Diameter of the Circle in which both thoſe 
Colours will be contained is but the 2both Part of the 
Diameter of the Aperture of the Object-Glaſs; and 
farther, about; of the brighter Halves of the Red and 
Green (on each Side) will fall within this Circle, and 
the remaining 5 without it, which will be ſpread over 
twice the Space nearly, and therefore become much 
rarer, Of the other Half of the Red and Green, about 
one Quarter will fall within this Circle, and 3 without, 
and be ſpread through four or five times the Space, and 
therefore become much rarer. Alſo this extreme Red 
and Green is much rarer and darker than the other 
Parts of the ſame Colours ; and the Blue and Violet 


I being 


doe tet ent re nate did rote ß . of fo HT Ht 


Or rr. 


Y 4 by the Eye at P, through à very ſmall 
Hole in the End of the Eye-Piece JC D. 
| | Ip 


being much darker Colours than theſe, and more rarified, 

may be quite neglected. ; 
67. Hence the ſenſible confuſed Image of a lucid 

Point is ſcarce broader than a Circle whoſe Diameter is 


the 260th Part of that of the Aperture of the Glaſs, _ 
if we except the dark miſty Light round about, Which 
ve ſcarce regard. And therefore in a Teleſcope whoſe 


Aperture is 4 Inches, and Length 100 Feet, it exceeds 
not 23” or 30“; and in a Teleſcope whoſe Aperture is 
2 Inches, and Length 20 or 30 Feet, it may be about 
or 6”, and ſcarce above. And this anſwers well to 
| ho > neg for it is obſervable that in Teleſcopes of 
20 or 30 Feet long, the Diameters of the Fixed Stars 
appear to be about 5 or 6”, or at moſt not more than 
8” or 10”. | 
68. Now if we ſuppoſe the ſenſible Image of a lucid 
Point to be even a 250th Part of the Diameter of the 
Aperture of the Glaſs, yet will this be much greater 
than if it were only from the ſpherical Figure of the 
Glaſs, viz. (in an 100 Foot Teleſcope) in the Ratio of 


61 | 
a 3 to 2 , or of 1200 to 1. (See Art. 20, 21,) 
250 72000000 


"Therefore the Image of a lucid Point would ſtill be a 
Point, but for the various Refrangibility of the Rays ; 
and this alone is the invincible Obſtacle to perfect Vilon 
by any refracting Inſtruments. f TED 
69. The magnifying Power of a refracting Teleſcope 
is thus eſtimated, Let A B be the Object-Glaſs, and 
CD the Eye-Glaſs; and let HFI and G F M be two 
Rays coming from the extreme Parts of a diſtant Ob- 
ject, and croſſing each other in the Centre F of the 
Glaſs AB. Then is the Angle G FM = I F M chat 
under which the Object appears to the naked Eye; but 
IEM = CE D is that under which the Image appears 
25 magnified by the Eye-Glaſs CD. But the Angle 
LEM is to the Angle IF Mas LF to L E, or as the 
5 focal 
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Plate 
XLVII. 
Fig. 6. 
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Plate 
XLVII. 


Fig. 7. 


Ir the firſt Lens W X were taken away, 


the Image would be formed ſomewhat larger 


. at 


: focal Diſtance of the Objett- Glaſs to the focal Di act's 
2 Eye-Glaſs ; and in that ok the 694 


magnified, as was obſerved before in Art. 55. 
* 70. The magnifying Power of a reflefting Teleſcope 
is thus computed. "The parallel Rays K B and LE are 
reflected by the large Object- Metal A F to its Focus a, 
where the Image I M is formed; which Image is de- 


fined by two other Rays NQ. P Q, coming from the 


extreme Parts of the Object at a remote Diſtance, and 
meeting in the Centre of the large Speculum at Q for 


it has been ſhewn that the Object and its Image both 


appear under the ſame Angie from the Vertex of the 
Mirrour. (Annot. CXXV.) 

77. Now if F be the Focus of the ſmall Mirrabr 
GH, ſuppoſing the Image were formed in the ſaid Fo- 
cus f, (that i is, that both the F oci 4 and f were coin- 
eident) then the Rays proceeding from the Image I. 


will proceed parallel after Reflection, and produce'diſ- 


tinct Viſion of the Image, which will then ſubtend an 
Angle IO M at the Centre O of the Speculum G H; 


which is to the Augle I Q M, under which the Ob- 


ject appears to the naked Eye, as a Qto 4 O or fe. 
So that the * Power would in this Caſe 


aQ | 4 
70. 5 


72. But to increaſe this magnifying Power, the 
Image I M is not placed in the Focus of the ſmall Spe⸗ 
culum, but at a ſmall Diſtance beyond it ; by which 


means the Rays coming from the Image to the Speculum 


- CGH will be reflected converging to 2 diſtant Focus R, 
where a ſecondary large Image / M is formed from the 
- firſt Image IM; which fmage IM is ſeen under the 


ſame Angle 10 M with the former from the Centre of the 
Speculum G H, but from the Centre of the E ye-Glaſs 
JV it is ſeen under the large Angle IS M. "But the 
Angle 18 A is to the Angle IOM as OR to 8 N; 
Wherefor 


3 


Gr TI. 
ut Mg; but the Area, or Scope, would be 


leſs, and therefore the View not ſo pleaſant. 
* At 

wherefore the | ſecond Ratio or Part of the magniĩ⸗ 
p it f need, ode ef 

fying ower is that oj 2 | 

73. Conſequently, the whole magnifying Power of 


the Teleſcope i is 205 OR (becauſe in this Caſe 70 


becomes 40). Oro! in and Words, the Angle N QP, 
under which the Object appears to the naked Eye, is 
to the Angle 78 M under which the IE 


ſecondary IVES I1 2 to the Eye through the 
Eye-Glaſs, as 705 SLA Such is the Theory of the 


Teleſcope firſt contrived by Dr. Fe Gregorie, and thawe- 
fore call'd the Gregorian Teleſcope ; but it received its laſt 
Improvement from the late Mr. Hadlo, and is now in 
common Uſe. 

74. A ſmall Alteration was made in the 8 of 
this Teleſcope by Mr. Caſſegrain, viz, in uſing a con- 
vex Speculum GV, inftead of the concave: onęg G H. 
Now it they are equally {pherical;s thatyis, if they are 
Segments of the lame Sphere, then will F be alſo the 


75 


virtual Focus of the convex. GH; and if all other : | 


Things remain the ſame, the firſt Image- I M will be 


virtually the ſame as before, and the laſt Image A 


will be really the ſame; ſo that the magnifying Power 


of this F orm of the Teleſcope \ is ce. which is 
equal to chat of Gregorie's Form. | [5 
75. And ſince to ſhew this, is a curious Wed 
T ſhall give the following eaſy Demonſtration thereof. 
Let H 5 be a concave Speculum, and E C a convex 
one, both deſcribed with the ſame Radius C D, on the 
common Axis BC D: The Point. N, bifeQing the Ra- 
dius CD, will be the Solar Focus to each Speculum. 
Let F be a radiant Point, from whence a Ray F His 
incident 


Pl. XL. 
Fig. 8. 
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Fig. 9. 


76. For as 4 C, CB =f in the Convex; f 


O PT I C 8, 
At TV is placed a circular Piece of Brafs, 


with a Hole of a proper Size to circyms 


ſcribe 


incident upon the concave Mirrour in H, or to which 
the Ray K E incident upon the convex Mirrour ten ; 
both thoſe Rays will be reflected to the ſame PointB in 
the Axis, and in the ſame Line EB. Laſtly, let GF 
be an Object; the Image thereof @ b formed by the 


Concave is equal to the Image A B made by the Con- 


Ax 


vex, This is evident from the Theorems —— 


2d NI 
4 r i 4 971 


in the Concave let FD = D, and DB = F; and then 
we have in the former d: fi: 2d +7 : r, and in the lat- 
ter D: F:#—2D:r. But D=4+ r, therefore 
2 D=2d4+2r; whence r—2 D =2 d -þ r, conſe- 


quently d:f:: D: F; that is, CF: CB :: DF: DB. 


But the Object and Image are to each other in the ſame 
Ratio in either Glaſs; and therefore ſince the Object 
"4 * ſame in both, the Image will be ſo likewiſe, or 
S243. | | 

77. Sir -Tſaac Newton ordered this Teleſcope to be 
made in a different Form or Manner, as follows. AB 
CD was a large octagonal Tube or Caſe; E F a large 
poliſhed Speculum, whoſe Focus is at oz; GH a plane 
Speculum truly concenter'd, and fixed at half a Right 
Angle with the Axis of the large one. Then parallel 
Rays a E, bF, incident on the large -Speculum EF, 
inſtead, of being reflected to the Focus , were inter- 
cepted by the ſmall plane Speculum G H, and by it re- 
flected towards a Hole cd in the Side of the Tube, 
eroſſing each other in the Point O, which is now the 


true focal Point; and from thence they proceed to an 


Eye-Glaſs /F placed in that Hole, whoſe focal Diſ- 


tance is very ſmall, and therefore the Power of magni- 
fying may be very 777 in this Form of the Teleſcope; 


becauſe the Image IM is made by one Reflection, (for 
that 


Ortes. 
ſcribe the Image, and cut off, all ſuperfluogs 
or extraneous Rays, that ſo the Object may 
appear as diſtinct as poſſible. 
As the Image is formed by Reflection, 
the Rays of every Sort will be united 


nearly in one Point, and will therefore ad- 


mit of an Eye-Glaſs Y Z of a deep Charge, 
or ſmall focal Diſtance; and ſo the Power 
of magnifying will be proportionally great- 
er; for it will be in a Proportion com- 
ted of Land 54, if Gy 50e E 
poun | 76 I Only one re- 


Glaſs Y 2 be uſed. Thus, in Numbers, 
ſuppoſe Qe = 12 Inches, eG = 335; GE 


= 18, and E f = 13 thin Wi X = 
355 8 
216 


that of the plane Speculum only alters the Courſe of the 
Rays, and adds nothing to the Confuſion of the Image) 
and will for that Reaſon bear being view'd by a Glaſs 
of a very deep Charge, in compariſon of an Image 
form'd by differently refrangible Rays. 

78. This Teleſcope is a very good one, as to its Ef- 
fect or Performance, but is not ſo commodious for 
common Uſe as thoſe of the Gregorian Form, and is 
therefore now pretty much laid aſide. They who would 
ſce a larger Account hereof may conſult Sir Tſaac's Op- 
tics, and ſeveral Philofophical Tranſactions, where he de- 
{cribes it at large, and the Reaſons which induced him 
to make choice of this Structure rather than that of 
Dr. Gregorie : Or ſee a compendious Aecount of the 
whole in the laſt Edition of D:. Gregorie's Elements of 
Optics, 
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3% 6171 nearly; whence by ſuck I 
7 
Teleſcope the Length of an Object will be 


magnified 50 times, the Surface 2500 times, 
and the Solidity 12 5000 times; yet the 
Teleſcope . not above 20 Inches bog: an 
Effect equal to that of a refracting Tele- 
ſcope 16 Feet in Length. 

As to the Camera Obſcura, N Magic 
Lanthorn, they both perform their Effects 
by a ſingle Lens; the former being only 
the Obje&t-Glaſs of a long Teleſcope ap- 
plied in a Scioptric Ball to the Hole of a 
Window-Shutter in a darken'd Room; 
which gives a lively Picture of all the Ob- 
jects which he before it, in true Perſpecs 
tive, but in an inverted Poſition, on a white 
Sheet or Plane held at the focal Niſtance 
of the ſaid Glaſs: And on the other hand, 
the Magic Lanthorn is only a large convex 
Lens, with a ſhort Focal Diſtance, which 
by being placed at a proper Diſtance 
from ſmall tranſparent-colour'd Pictures or 
Figures, forms a large and ſurprizing 
Image thereof at a great Diſtance; in 
order to which, it is neceſſary to illu- 
minate them very ftrongly with the 
Light. of the Candle thrown on them by 
another 


Orr C's. 


another very large and very convex Lens 


(CAXIX). | e 


(CXXIX) 1. The Camera OBSCURA, or Darken'd 
Rum, is made after two different Methods; one is the 
Obſcura Camera: or Darken'd Chamber at large, and 
properly ſo call'd ; that is, any large Room or Chamber 
made as dark as poſſible, ſo as to exclude all Light but 
that which is to paſs through the, Hole and Lens in the 
Ball fixed in the Window of the ſaid Room. ar 

2. The other is in ſmall, and made in various Ways, 
25 that of a Box, a Book whoſe Sides fold out, &c. for 
the Conveniency of carrying it from Place to Place, for 
taking an Optic View in Picture of any propoſed Place 
or Part of the Country, Town, Cc. and hence it is 
call'd the Portable Camera Obſcura. * 

3. The following Particulars are to be attended to in 
this Philoſophical Contrivance. Fit, That the Lens 
be extremely good, or free from any Veins, Blebs, &c., 
which may diſtort and blemiſh the Picture. 

4. Secondly, That the Lens be always placed directly 
againſt the Object whoſe Picture you would have per- 
fectly form'd to contemplate ; for if the Glafs has any 
other Poſition to the Object, the Image will be very 
imperfect, indiſtinct, and confuſed. 

5. Thirdly, Care ought to be taken, that the Ball be 
ſuficiently large, and the Frame in which it is placed 
not too thick, that ſo there may be ſufficient Room for 
turning the Ball every Way, to take in as many Ob- 
jects as poſſible, and to render the Uſe thereof moſt 


compleat, 


6. Fourthly, The Lens ought to be of a juſt Magni- 


tude or Aperture ; for if it be too ſmall, the Image will 
be obſcure, and the minute Parts not viſible at a Diſ- 
tance for want of requiſite Light. On the other hand, 
if the Aperture be too large, the Image will be confuſed, 

and become indiſtin& by too much Light. y 
7. Therefore, FHH, if by Experience I find that 
an Aperture of 2 Inches Diameter is beſt for a Lens of 
6 Feet focal Diſtance, I know (from what has been 
laid in the laſt Aunctation) that the Diameter of any 
other 
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with the Magic Lanthorn; only here 


upon a very white Surface, as Paper, a painted C loi, 


0 7171 Ces. ; ö 
TE Solar Microſcope is of the ſame K 


"1 Obe 
vorher Lens of a different focal Diſtance ought to be 


the ſubduplicate Ratio of 6 to the ſaid focal Diſtangs, 
that the Object, or its Image rather, be 
bright and dias in bot. — 

8. S:xthly, We ought not to attempt to exhibit a 
ture of Objects in a dark Room, unleſs the Sun hin 
upon or ſtrongly illuminates the Objects; for mere Bays 
light is not ſufficient for this Purpoſe, the greateſt Bei 
in this Phænomenon being the exquiſite Appearance 
Contraſt of Light and Shadows, none of which ul 
appear but from an Object placed in the 8un Bea 
without which every thing looks dark and dull, and 
makes a diſagreeable Figure. 2 

9. Therefore, Seventhly, the Window, or that Sid 
of the Room where the Scioptric Ball is uſed, ought 
look towards that Quarter directly upon which the uu 
ſhines, that ſo the illuminated Sides of Objects may pit 
ſent themſelves to the Lens, and appear more glorigu 
in the Picture. x 

10. Eighthly, Hence it is eaſy to infer, that the 
Time of the Day for this Experiment is about No 
becauſe the "ang ec are then ſtrongeſt, and of cowl 
the Picture moſt luminous and diſtin : Alfo thats 
North Window is the beſt ; though for viewing am 
Shadows in greateſt Perfection, an Eaſt or Weſt With 
dow will anſwer the End beſt, * 

11. Ninthly, As the Image is formed only by 
reflected Rays of the Sun, ſo due Care ſhould be t 
that none of the Sun's direct Rays fall on the Len 
the Window ; for if they do, they will, by mixing wa 
the former, greatly diſturb the Picture, and render 
very confuſed and unpleafant to view, 

12. Tenthly, As white Bodies refle& the incident M 
molt copiouſly, and black ones abſorb them moſt ; ſows 
make the Picture moſt perfect it ought to be received 


Wall, Sc. bordered round with Black, that ſo We 
coll aten 
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On 
Objects are very ſmall, and ſtrongly en- 


Lens; 


collateral Rays which eome from on each Side the Ob- 
ject may be ſtifled, and not ſuffered to diſturb the Pic- 
ture by Reflection. . 8 / $0 \ 
13. Theſe are the neceflary Precautions for the due 
ordering of the various Circumſtances of this — — 
ment. I ſhall now enumerate the ſeveral principal Phæ- 
1mena of the Dark Chamber. The Fir of which is 
that an exact and every-way ſimilar Image is formed of 
an external Odject Ke Pencils of Rays coming from 
all Points of the Object will repreſent thoſe Points in 
ſuch a Manner and Pofition as will be very proportional 


tances in the Object, ſo that the Whole in the Image 
ſhall bear an exact Similitude or Likeneſs of the Object 
in every Reſpect. re, i | 

14. The Second Phenomenon is, that the Image will 
bear the ſame Proportion to the Object, whether a Line, 
Superficies, or Solid, as their Diſtances from the Glaſs 
reſpectively : This is evident from what has been ſaid 
relating to the Effect of a conyex Lens. Hence the 
larger the focal Diſtance of the Glaſs, 'the more ample 
will be the Picture of the ſame Object, but the leſs 
= be the Space or Compaſs of the Plan or perſpective 

15. The Third Phenomenon is, that the Image or 
Picture of the Object is inverted; and this is not the 
Effect of the Glaſs, but the oroſſing of the Rays in the 
Hole through which they paſs into the Room ; for if a 
very ſmall Hole were made in the Window-Shutter of a 
darken'd Room, the Objects without would be all ſeen 
inverted, thoſe which come from the upper Part of the 
Obje& going to the lower Part of the Image, and vice 
— All that the Glaſs does is to rendet the Image 
diſtinct, by converging the Rays of every Pencil to their 
proper Focus in the Picture, the Poſition of each Point 
being the ſame as before. a 
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lighten'd by the Sun through a concave- 


and correſpondent to their reſpective Poſitions and Diſ- 
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OpryrT1ics. 


Lens; they are alſo magnified by a ſmall 


Lens of a very ſhort Focal Diſtance, tha 
| the 


16. The Fourth Phenomenon. is the Motion or Reſt 
of the ſeveral Parts of the Picture, according as thoſe 
of the Object are in either State. The Reaſon of this 
is very obvious; and this it is that gives Life and Spi- 
rit to the Painting and Portraits of Nature, and is the 
only Particular inimitable by Art. And indeed a more 
critical Idea may be formed of any Movement in the 
Picture of a darken'd Room, than from obſerving the 
Motion of the Object itſelf: For Inſtance, a Man 
walking in a Picture appears to have an undulating 
Motion, or to riſe up and down every Step he takes; 
whereas nothing of this Kind is obſerved in the Man 
himſelf, as viewed by the bare Eye, 

17. The Fifth Phencmenon is the Colouring of the Op- 


tic Picture; every Piece of Imagery has its proper Tints 


and Colours, and thoſe always heighten'd and render'd 
more intenſe than in the Object; ſo that in this Reſpect 
it is an Improvement of Nature. itſelf, whereas the Art 
of the greateſt Maſter can only pretend to a diſtant Re- 
ſemblance and faint Imitation. The Reaſon why the 
Image is coloured is beqauſe the ſeveral Points of the 
Object reflecting ſeveral Ports of colour'd Rays to the 
Glaſs, thoſe Rays will give a Repreſentation of thoſe 
ſeveral Points reſpectively, and in their own Colour, 
and therefore in thoſe of the Object; but thoſe Colours 
will be heighten'd, becauſe they are crouded into a leſs 
Space. | | 
18. The Sixth Phanomenon is the Claro Oſcure, as 
the Italians call it; that is, the Intenſity of Light and 


' Shadow in the Picture: And this, as well as the Co- 


louring, is greatly heighten'd above what it is in the 
Object, by reaſon of the leſſer Area of the Picture, 
Here, every Light and every Shade js expreſs'd in its 
proper Degree, from the moſt brilliant in the one, to 
the moſt jetty black of the other, incluſive of a won- 
derful Variety in the ſeveral Parts, ariſing from the dif- 
ferent Situations of the ſeveral Parts of the 0522 
an 


| | 0 
D 


— 


1 
5, 
wt 


„* 
9 


c 


bt * 
n * 
222 * 
-,* G 
& 
2 bh 
i 
. 


oy 
— 


— 


» 
4 . 


7 [1 
if 
WI 


4 


Et — 
— Na 
— 2 4 = - 
* 


- — 227 


Tt 


7 


1 4 

. % i 
* 
i 


2 


1 
— == = 


17 1 


rout REI 
—— —— 


— 


— — — 


_ 25 
— 4 — — 1 


— — --+ — — = — 
2——— 2 oi 
— Er = os tr ons —jĩ 


K 08 


the lags may be thrown large and dic 
1 WG: on 2 the PE W a darken'd . 
— 0 . | Room: 8 


and the different 1 of Rededles, Ma; jut Imita- 
tion of Nature in the Diftribution'of it and Sha- 
dows is perhaps the moſt difficult Fart of the Art of 
n—_— and on which its greateſt Perfection depends. 
'ne Seventh Phenomenon is the Optical Perſper- 
ag or Projection of the Image, which is not in Plano, 
or on a Plane, as in common Perſpective, but on a Sur- 
face deſcribed by the Revolution of a Conic Section about 
its Axis, as is evident from what was obſerved in Aunot. 
CXXV. Therefore, though in general a plane Sur- 
face is made uſe of, and may do very well in large Re- 
preſentations, yet in ſmaller ones, as thoſe of the Port- 
able Cameras, it is neceflary, to have the Image or Pie- 
ture compleat, or every w where well defined, that it be 
received upon the Surface of an Elliptic Figuty,” and 
ſuch as is ſuited to the middle Diſtanee of the Objects. 
But this is a Nicety which few will thank worth nd | 
ing, who do not aim at a very great e ir indeed 
in what they do. „ i 
20. I ſhall finiſh this Subject With ere e 
that may be _ to Perſons concerned in * 
and that is, That if an Otject be u, e twice 
focal Diſtance from the Glaſi without, b Image vill be 
formed at the ſame Diflance from the Glaſs within" the 
Room, and conſequently will be equal im Magnitude to the ; 
Obje it el The Truth of this — in 
Anni, C XXV. 
21, Although every Thing that has been ſaid of the 
Cows Obſcura is plain enough in itſelf to be under-- 
os yo! as a Repreſentation thereof may facilitate the plate 
1 have here given a Diagram for that Purpoſe; XLIxX. 
where A B C IJ is the Proſpect of a Houſe, Trees, &c. 1 
EF a darken'd Room, or Camera Obſcura ; on one Side 8. 56 
is the Picture GH of the ſaid View inverted; formed 
by a convex Lens in the Ball fixed before a Hole i in the 
other Side I K at V. All which is ſo eafy that nothing 
more remains to be ſaid 2 explain Fan | 
1 R 2 ah 8 7 
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Room Which, if well perform'd, is on 
of the moſt exquiſitely curious and moſt 
delightfully ſurprizing Effects that can be 
produced by any Optical Inſtrument what- 
ſoever (C(XXX ) fa 


.- (CXXR).;1, The Solar TeLESCOPE and 801 An 
Microscors, , as they ought to make a Part of the 
Amuſement of eyery Virtuoſo and Gentleman, ſo they 
deſerve a particular Account, and the ſeveral Ways in 
which they are uſed, merit a particular Deſcription, 

which I ſhall illuſtrate by a Draught of each, | 
2. The SOLAR TELESCOPE is applied to Uſe in the 
following Manner. A B repreſents a Part of the Win- 
Plate _dow-Shutter of a darken'd Room, C D the Frame, 
XLIX. which (by means of a Screw) contains the Sciopttie 
Fig. 2, Ball EF, placed in a Hole of the ſaid Shutter adapted 
to its Size. This Ball is perforated with a Hole abed 
;throp h the Middle; on the Side bc is ſcrew'd into the 
aid Hole a Piece of Wood, and in that is ſcrew'd the 
F Engl of à common fefracting Teleſcope GHIK, with 
its Object-Glaſs GH, and one Eye-Glaſs at I K; and 
the Tube is drawn out to ſuch. a Length, as that the 


Focus of each Glaſs may all near the ſame Point. 
3 Tbis being done, the. Teleſcope and Ball are 
. moved about in led manner as to receive the Sun- 
Beams perpendicularly on the Lens G H, through the 
ie Nee of the Ball; by this Glaſs they will be 
collected all in one circular Spot n, which is the Image 
of the Sun. The Lens I K is to be moved nearer to or 
puter from. 77 ſaid Image Ms as 28383 at which 
the Secondary Image of the Sun is to be formed requires, 
ch is N liding the Tube IK LM backwards 
and forwards. in, the Tube IL. MN O. Then of the 
fuſt Image of the Sun m will be formed a ſecond Image 

P , very large, luminous, and diſtinct. br 
J. In this 22 the Sun's Face is view'd at any 
time without Offence to weak Eyes; and whatever 
.. Changes happen therein may be duly obſerved. The 
- Sp2ts. (which make ſo rare an Appearance to the naked 
Eye, or through a ſmall Teleſcope in the common Way) 
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are here all of them conſpicuous, and eaſy to be ob- 
ſerved under all their mſtancks of Beginning 10 


appear, increaſe, Diviſi [of ane into many, the unjte 


ing of many into one, the Magnitude, Decreaſe, Abs. 
5. By the Solar Telgſeche we allo view an. Eelipie 


* 


the Sun to the beſt Advantage, as haying it in our Pow 
b. this means to repreſent the Sun's Face or Diſk 
large as we pleaſe, and conſeguently the Eclipſe pro- 
portionably conſpicuous.” Alſo the /ircle of the Shn's 
Diſk may be ſo divided by Lines and Circles drawn 
thereon, that the Quantity of thei Fetiple eſtimated in 
Digits may this way be moft exactly determined! Alfo 
the Moments of the Beginning, Middle, and End there- 
of, for finding the Loi:gitude of the Place: With ſevE- 
ral other Things relating thereto, © © | 48 
6. The Tranſits of Mercury and Venus over the Fare 
of the Sun are exhibited moſt delightfully by this In- 
ſtrument. They will here appear truly toe, 
fined, and very black ; their comparative Diameters ta 


that of the Sun may this Way be obſerved, the Di- | 


rection of their Motion, the Times of the Ingreſs and 
Egreſs, with other Particulars for determining the Pg- 
rallax and Diſtance of the Sun. more nicely than has 
hitherto been done. e 

7. By the Solar Teleſcope you ſee the Clouds maſt 
beautifully paſs before the Face of the Sun, exhibiting 
a curious Spectacle according to their vatious Degrees 
of Rarity and Denſity, But the beautiful Colours of 
the Clouds * the Sun, and refracting his 
Rays, are beſt ſeen in the Picture made by the Camera- 
Glaſs. The fine Azure of the Sky, the intenſely ſtrong 
and various Dyes of the Margins of Clouds, the Halo 
and Coronas, are this way inimitably expreſs d. And 
ſince the Priſmatic Colours of Clouds, ſo variouſly com- 
pounded here, make ſo noble and delightful a Phznv- 
menon, I have often wonder'd to ſee no more Regard 
had thereto by Painters, whoſe Clouds (though ne 
the Sun) are ſeldom or never ſeen tinged ot variegated 
with thoſe natural Tints and Colours. 

8. I cannot here omit to mention a very unuſuat 
Phenomenon that I obſerved about ten Years ago in hy 
darken'd Room, The Window looked towards the 
1 „ Melt. 


well de- 
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Weſt, and the Spire of Chicheſter Cathedral was 33 
before it, at the Diſtance of about 50 or 60 Vards. 
uſed very often to divert myſelf in obſerving the pleaſant 
Manner in which the.Sun paſs'd behind the Spire, and 
was eclipſed by it for ſome time; for the Image of the 
Spire and Sun were very large, being made by a Lens 
of 12 Feet focal Diſtance. And once as I obſerved the 
Occultation of the Sun behind the Spire, juſt as the 
Diſk diſappear'd, I ſaw ſeveral ſmall, bright, round 
Bodies or Balls running towards the Sun from the dark 
Part of the Room, even to the Diſtance of 20 Inches. 
J obſerved their Motion was a little irregular, but rec- 
tilinear, and ſeem'd accelerated as they approach'd the 
Sun. Theſe luminous Globules appear'd alſo on the 
other Side of the Spire, and preceded the Sun, running 
out into the dark Room, ſometimes more, ſometimes 
leſs together, in the ſame manner as they followed the 
Sun at its Occultation. They appear'd to be in gene- 
ral about 6 of an Inch in Diameter, and therefore muſt 
be very large luminous Globes in ſome Part of the 
Heavens, whoſe Light was extinguiſhed by that of the 
Sun, ſo that they appeared not in open Daylight ; but 
whether of the — or what Sort of Bodies 
they might be, I could not conjecture. 

9. The SoLAR MicRoscCoPE (ſaid to be the Inven- 
tion of Dr, Liburkun a German) is a moſt curious Im- 
provement in Optics, and deſerves to be greatly valued 


nas it is the beſt Method which Nature will admit of, or 


Plate 
XLIX. 


Fig. 3. 


Art can furniſh, for magnifying and exhibiting very 
ſmall tranſparent Objects to the View of Spectators, 
10. To this End it has been contrived very commo- 
diouſly in ſeveral different Forms, two of which I ſhall 
here iluſtrate by Diagrams, The firſt is as follows: 
AB is a Section of the Window-Shutter of a dark Room, 
C D of the Frame containing a Scioptric Ball EF; in 
the Fore-part whereof is ſcrew'd the Tube GIK H, 
at one End of which is 4 Lens GH, which by con- 
verging the Sun Beams into a narrow Compaſs does 
ſtrongly enlighten the ſmall Object a b placed upon a 
Slip of Glaſs or otherwiſe in the Part of the Tube NQ, 
where a Slit is made on each. Side. for that Purpoſe, 
Within this Tube there ſlides another Lmn M, which 
contains a ſmall magnifying Lens mn. 


11. By 
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11. By moving the exterior Tube IGHK one way 
and the other, the Glaſs G H will be brought to receive 
the Rays of the Sun directly, and will therefore moſt 
intenſely illuminate the Object ab. The other Tube 
LM being flid backwards and forwards will adjuſt the 
Diſtance of the ſmall Lens m u, ſo that the Image of the 
Object ab ſhall be made very diſtinct on the oppoſite | 
Side of the Room at OP; and the Magnitude of the 
Image will be to that of the Object ami Diſtance from 
the Lens mn is to the Diſtance of the hiect from it. 
as has been ſhewn in Annot, MXX VV. -Þ 

12. Thus for Example: Suppoſe the focal Diſtance 
of the Lens n to be t Inch =4F and let the Diſtance 
at which it is placed from tue Object be 1,1 = d then 
if the Lens be double, and equally convex (as uſual) 

— = f= 110; | 


the Diſtance of the Image will be — 


therefore the 17 will be 110 times larger than the 

Object in its linear Dimenſions, and 110 X 110 
12100 times larger in Surface, and in Solidity it will 
be 110 X 110 X 110 = 1331000 times larger than the 


DJ&t. 
$ 175 If the Lens, inſtead of 1 Inch, were but 1 an 
Inch focal Diſtance, then would the Diameter of the 
Image be twice as large, or 220 times larger than the. 
Object; and the Superficies 4 times larger, viz, 4&4 
12100 = 48400 ; and the _ 8 times larger, viz,' | 
8 X 1331000 = 10648000, that is, above 10 Millions 
of times larger than the Objet, 1 
14. Once more; for very ſmall Objects we may uſe 
a Lens 4 of an Inch focal Diftahee, and then the Image 
at the ſame Diſtance as before will be in Diameter 4 X 
110 = 440 times larger than the Object; in Superficies, 
16 X 12100 = 193600 times larger; and in Solidity, 
64 X 1331000 = 85184000 times larger; that is, an 
ſolid ſmall Object will at the Diſtance of 9 Feet 2 
Inches, by means of a Lens 4 Inch focal Diſtance, be!” 
magnified above 85 Millions of times. E 
15. Or more directly thus: Let the focal Diſtance |, 
of the Double Convex mn be 1 r, and let the Diſ- 
tance at which the Image is formed be 12 Feet or 144 
G Inches 
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Inches ; then FS Sd = 0,2504, which there. 
fore may be taken for 4 of an Inch; conſequently the 
Diſtance of the Image is 576 times the Diſtance of the 
Object from the Lens, and ſo much larger will it be 
in Diameter, and in Surface it will be 576 X 576 = 
331776 times larger, and in Solidity it will be 576 X 

76 X 576 = 191102976 times larger: Or, a ſmall 
Kood-Globule, or other ſolid Particle, will be magni- 
fied above 191 Millions of times; an Effect prodigious, 
and incredible to thoſe who are not converſant with 


' Glaſſes, or underſtand not the Rules of Optics. 


16. If the linear Dimenſions of the Image be nicely 


taken by a By-Stander with a © + 10g Scale of equal 


Parts, the Dimenſion of the Object will be known of 
courſe from the Diſtances of the — and Object from 
the Lens; and in exceeding ſmall Objects, ſuch as the 
Pores of Cork, the Particles of Blood, Animalcula in 
Semine, &c. there is no other Way of meaſuring them 
ſo well: And thus the Solar Microſcope becomes a Mi- 
crometer in the laſt Degree of * le Menſuration. 

17. The Form of this Inſtrument, as it has been 
hitherto deſcribed, is that which I have contrived for my 
own Uſe, and for theirs who regard more the general 


Convenience than the Grandeur of an Apparatus. How- 


ever, that thoſe of a different Taſte may be gratified, 
the common Form is to be very much commended for 
their Uſe ; of which it will be ſufficient to give a bare 
Deſcription, illuſtrated by a Print, | 
18, This Inſtrument conſiſts of ſeveral Parts, viz, A, 
a ſquare Frame of Mahogany to be fixed to the Shutter 
of a Window by means of the Screws 1, 1. To this 
Frame is applied a circular Collar B of the ſame Wood, 
with a Groove on its Periphery on the Outſide, denoted 
by 2, 3- This Collar is connected by a Cat-Gut to the 
Pulley 4 on the upper Part, which is turned round by 
the Pin 5 within. On one Part of the Collar, on the 
Outſide, is faſtened by Hinges a Looking-Glaſs G in a 
proper Frame, to which is faxed the jointed Wire 6, 7; 
by which means, and the Screw H 8, it may be made 
to ſtand in an Angle more or leſs inclined to the Frame. 
In 
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In the Middle of the Collar is fixed a Tube of Braſs C, 
near two Inches in Diameter; the End of which on the 
Outſide, has a convex Lens 5 to colle& the Sun-Beamg 
thrown on it by the Glaſs G, and converging them 
towards a Focus in the other Part, where D is a Tube 
Aiding in and out, to adjuſt the Object to a due Diſtance 
from the Focus, To the End G of another Tube F 
is ferew'd one of Wilſon's Single Pocket 2 con- 
taining the Object to be magniſied in a Slider; and by 
the Tube F, fliding on the ſmall. End E- of the other 
Tube D, it is brought to a due focal Diſtance. 

19. The great Artifice and Conveniency of this So- 
lar Llicroſcope is, that by means of the Glaſs G the 
oblique Rays of the Sun are made to go ftrait along the 
dark Room parallel to the Floor, inſtead of falling up- 
on it. Thus let A B denote a Section of the Looking- 
Glaſs, and SC the Rays of the Sun impinging upon it 
at C, by which they are reflected to the Lens D, and 
from thence converged towards E to illuminate the Ob- 
ject to be magnified; ſo that the Beam of Light goes 
from C to E in the Direction parallel to the Floor, in- 
ſtead of falling it in the Direction SG, By the 
Pulley 4, 5, the Glaſs is turned directly to the Sun, and 
by the jointed Wire and Screw at H it is elevated or de- 
preſs'd, ſo as to bring the Glaſs into the Poſition A B 
required, where the Angle of Incidence ACS is equal 


to the Angle of Reflection BCE. Mr. Liburtun, a 


Pruſſian Gentleman, was the firſt who invented this 


Method of magnifying Objects, but without the Loox- 


ing-Glaſs, which was afterwards added to it, The 
Theory of this Contrivgnce and the Magic Lanthorn is 
* ſame; only here we — 9 uſe of Sun- Beams inſtead 
of Candle-Light, and the Object and magnifying Lens 
of the ſmalleſt Size. w — „ | 

20, Another moſt ous Contrivance of this Sort 
we have from the late learned Dr. . Graveſande, which 
he calls by the Name of HELIOSTATA, from its Pro- 
perty of fixing (as it were) the Sun-Beam in one Poſi- 
tion, v1z. in an horizontul Direction acroſs the dark Cham- 
ber all the while it is in Uſe. It is an Automaton, or 
Piece of Cleck-work, whoſe Parts. are as follow. AA 


is a Frame in which a metalline Speculum 8 is ſuſ- 


my hoe pended, 


Plate LI. 


90 


ir. 
pended; move able aboutitsꝰA xis by means of two ſmall 
Screws at 4. This Frame is fixed to the Piece C; 
which being hollow is mibvedble upon the cylindric 
Shaft P about the Iron Pin e. b See the Part by itſelf.) 
This Pillar P' is fixed to a triangular Baſe or Foot ſet 
perpendicular by the three Screws B, B, B. 

21. On the Back- part of the Speculum is fixed a 

long cylindrie Wire or Tail D, in a perpendicular Po- 
ſition. By this it is connected to the ſecond Part of 
the Holioſtata, which is a common Thirty-Hour Clock, 
repreſented at H; the Plane of which Clock is parallel 
to that of the n nem Place, This Clock 
is ſuſtained on the Column FG, in which it is moveable 
up and don by d'thin Lama or Plate that enters it as a 
Caſe, and fixed to a proper Height by the Screws d, d, 
at the Side. The Whole is truly adjuſted to a perpen- 
dicular Situation by means of the three Screws I, I, I, 
in the Tripod LLM, and the Plummet Q, - whoſe 
Cuſpis muſt anſwer to the Point o beneath. 
22. The Axis of the Wheel, which moves the In. 
dex N O over the Hour-Cirele, is ſomewhat large, and 
perforated with a cylindrio Cavity verging a little to a 
conical Figure; and receives the Shank pg of the ſaid 
Index N O very cloſe and tight, that by its Motion the 
Index may be carried round. In the Extremity O of 
the Index is à ſmall cylindric Piece a, with a cylindric 
Perforation to receive the Tail t of the Fork T, yet fo 
as to admit a free Motion therein. In each Side of the 
Fork are ſeveral Holes exactly oppoſite to each other, 
in which go the Screws v, v, upon whoſe ſmooth cy- 
lindric Ends moves the tubular Piece R on its Auricles 
m, m. 2 $4 | 

23. When the Machine is to be fixed for Uſe, ano- 
ther Part is made uſe of to adjuſt it; which is call'd 
the Pofiter, and is denoted by the Letters VX VZ. 


The Cylinder C is removed with the Speculum from the 


Foot P, and the Braſs Column V put on in its ſtead, 
and adheres more ſtrictly to the Pin e, that it may keep 


its Poſition while the Machine is conſtituted. 


24. On the Top of the Column, about X as a 
Centre, moves the Lever Y Z, fo that it may be any 


how inclined to the Horizon, and keep its R 
8 he 
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the Arm Y Z is of. a peculiar, Conſtruction, and of a 
determinate Length. To this Arm, which extends no 
farther than y, is adapted a Sliding-Piece Z * ſharp- 
pointed at Z. By this the Arm X Z is determined to a 
given Length, the Piece Z being fixed by the Screws 
2 2. | N lo Fin 3554. 4 Ce 

25. Upon this Arm is drawn the ſhort Line vx, by 
which it may be lengthened in the Whole, and is ris 
of the whole Length X Z When ſhorteſt. The Reaſon 
is, this Arm is always to increaſe and decreaſe in Pro. 
portion to the Secant of the Sun's Declination to the 
Radius X Z when ſhorteſt; but the Radius is to tho 
Secant of 23 30 (the Sun's greateſt Declination) as 
10000000 to 10904411, or as 100 to 19d. 

26. Now the Reaſon of this Conſtruction of the Arm 
X is to find for any: given Day the Diſtance of the 
Centre of the Speculum 8 from the Top I of the Style 
N, which muſt ever be equal to the Secant of the 
Sun's Declination; for it muſt always be equal to the 
Diſtance of the Top of the ſaid Style from the Centre 
of the Cylinder R in the Fork T, and that is ever equal 
to the ſaid Secant of Declin ation. 

27. For ſince the Style I N and the Fork T are in 2 
Poſition parallel to each other, therefore the middle 
Hole in the Sides of the Fork being (as they muſt be) 
of the ſame Height above the End of the Index O as 
is the Height of the Style NT, 'tis evident that on 
an equinoctial Day the Sun's Rays will. paſs directly 
through the Perforation of the Piece R, if it be put in 
a Poſition parallel to the Plane of the Ecliptic,; or that 
of the Clock; and alſo that the Top of the Shadow of 
the ſaid Style will fall exactly on the ſaid Hole. 

28. In this Caſe the Top of the Style is at the leaſt 
Diſtance from the central Point ER and therefore 
may be repreſented by Radius, while in any other Poſi- 
tion above or below, the Diſtance will increaſe in Pro- 
portipn to the Secant of the Angle which the Rays 
make with this firſt or middle Ray, that paſs by the 
Top of the Style, and through the Hole K. 

29. Now it may be demonſtrated, that on any D 
of the Year, if the Clock and its Pedeſtal be fo fixed ' 


that 


„Dns. 


that the Line of XII be exactly in the Meridian, and 
— the Poſition of R in the Fork be ſuch that the 


s Rays go direct] upon ch it, and the Shadow of 
cb Se Th Fa Hole ; moreover if the 
Diſtarce of the Centre of — Speculum 8 from the Top 


of the Style / be made —— (by the Poſitor) to the 
Diſtance of the central f R therefrom ; and laſtly, 
the Tail cf the _ um DE paſſing through R; if 
— the Wend t into ND the Index N O 
Garry \ — — C —— — 

— that Day when the Sun 
can cork A Wade owed it will Tlie the Rays 
conſtantly in one and the ſame Poſition and DiveBicn 
—_— T Adee 1 by \{) 


tured is * in a 
Bos t or 06 Digs e, and n in 4 Window, with 1 Side open, 


expoſed to che gun, und alli che other Parts cloſe; fo 
bat Fe. the Rom is made dark, and the Solar Mi- 
xed to i, Fore — of. he Box in which the 

is placed, juſt e Centre of the Spe- 

25 —— Sat 7 baron Bm, all = 

rken'd Rcom are then perform 

'as ba is is a very ingenious Conſtructidn of a 
Sade cop Apparatur, and full of Art, but, I fear, 
too expenh ve and troubleſome. for common Uſe, How- 

ever, tis, eaſy to ſee tha his Machine is capable of 
being greutly reduced fbr it may be made to anſwer 
the 1 70 very well without «Clock; alſo the Speculum 
Raab Glaſs inſtead of Metal, and all fix'd on one 

Fobt or Pedeſtal: But this F ave to R of 

the N coe, ] 
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LECTURE Xt 
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Of AsTRoNov 3, and. the Uk of the 
Oakery and, CG ARION. ö 
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of the UNIVERSE v IxrIx NY. "of D's 
TEus; of the PtQ,6MAte SYSTEM ; The 
| Trchoxics sT EMB 0 COPERNICAN 
er SOLAR Srsrzu the World." The 
Extent a#d Conſſituent PARTS, thereof. 
ARGUMENTS for the Truth thereof | DE- 
MONSTRATIONS H Truth, of theSthx; 
_ the PRIMARY PLANETS 3\. the; X 
© Planets, or Moons.” The Comets.” of 
tbe Magnitude, „Motion, Macule, Ge. 
/ the Sux. Of ybe' Number, Order, 
| Magnitude, Diſandes, Ge. of ihe PEN 
NETS; their Periods ;.:9f::#be: Noded, In 
„ and Aphelia of their OR BIYTsõ. 
Of the Moon, its Phaſes, Period, Diſ- 
tance, Magnitude, and Light. Of the 
SATELLITE8s or Moons of Jupiter and 
Saturn. Of Saturn's RING. The Ma- 
THEMATICAL THEORY of the CELES- 
TIAL Mor! on CALCULATIONS and 
EXAMPLES: 
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94 As T RO NO Mv. 
EXAMPLES. Of 292 ORR ERV: an bifto- 


| rical Arcount of the Invention and Im- 
= provements therebf. A Deſcription of the 


'ARMILLARY SPHERE. Of the Morioð 


| "of the EARTII about its Axis, and about 
tbe Sun. The Victss! TuDEs of the SEA“ 


| soNs explained. Of the various LENGTHS | 


F Days and NiGHTs, The Third Mo- 
tion of the Earth; the great PLATONIC 
YEAR; the RECESSION of the EQUINOXES 
eee Calculation of the hotteſt 
"Time of the Day. Te Doctrine of Solar 
and Lunar EcLIpsEs fully explained, by 
” Calculations on 4 Mathematical Theory. 
An Explanation - of the AsTRONOMY of 
ComeTs. A new Method for Conſtruc- 
tion of their. Ox BITS. Calculations re- 
"lating fo the whole THEORY of Comets. 
"An Analytical Inveſtigation of their El- 
| liptic Orbits. Of their Tails, and all 
| | "other Phænomena accqunted for on the ge- 
nuine Principles of Phyſics, 


SHALL in this Lecture endeavour to ex- 

I hibit to you a juft, and natural Idea of 
the Mundane or Solar Syſtem, that is, the 
Syſtem of the World; . conſiſting of the 
| Sun; the Primary Planets, and their Secon- 
| daries, or Moons; * Comets; and the Fixed 
Stars; 
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ASTRONOMY, 


Stars; according to the Hypotheſis of Ry- 
thagoras among the Ancients, and revived 
by Copernicus: Which Syſtem is fully prov- 
ed, and eſtabliſhed on the juſteſt Reaſon- 
ing, viz. Phyfical and Geometrical. Con- 
clufions, - by all our modern Aſtronomers 
[(CXXXIJ). . TI. „WIN 9 
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(CXXXI) 1. By the UNIVERSE we are to under- 
ſtand the whole Extent of Space, which, as it is in its own 
Nature every way infinite; gives us an Idea of the In- 
finity of the Univerſe, which can therefore be only: in 
Part, comprehended by us: And that Part of the Uni- 
verſe which we can have any Notion of; is that which 
is the Subject of our Senſeg; and of this the Eye pre- 
ſents us with an Idea of a'Vaſt extended Profpett, and 
the Appearance of various Sorts of Bodies\Uſeminated 
through the ſame. + 2740090 

2. The infinite Abyſs of Space which the Greeks 
called the 73 wav, the Zam! the none; and we the 
Univerſe, does undoubtedly” comprehend an Infinity of 
Syſtems of moving Bodies round one ve large central 
one, which the Rur#ars cuffed Sol, and we the Sun. 
This Collection of Bodies is therefore properly ealld 
the SOLAR SYSTEM, and ſometimes the Mpynaxx 
SYSTEM, from the Latin Word Mundus, 2 4. 

That the Univerſe contains as many Solar Syſteihs 
or Worlds as there are what we call Fix'd Stars, ſeems 
reaſonable to infer from hence, that our Sun remoye 
to the Diſtance of a Star would appear juſt as a St 
does, and all the Bodies moving about it would diſap 
pear entirely. Now the Reaſon why they diſappear is 
becauſe they are opake Bodies, and too ſmall to be ſeen - 
at ſo great a Diſtance,” without an intenſe Degree of 
Light ; whereas theirs is the weakeſt that can be, as 
being firſt borrowed and then reflected to the Eye. 

4. But the Sun, by reaſon of his immenſe Bulk and 
innate Light, which is the ſtrongeſt poſſible, _ be 
vifſible 
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ASTRONOMY. 


TEE moſt celebrated Hypotheſes, or Syſ- 
tems of the Wor Id, are three, vid. (1 ) | 
| The 


viſible at an immenſe Diſtance ; but the greater the Diſ- 
tance, the leſs bright it will appear, and of a leſſer 
Magnitude : And- therefore every Star of every Mag- 
nitude may probably be a Sun like our own, inform- 
ing a Syſtem of Planets or moving Bodies, each. of 
which may be inhabited like our Earth with various 
Kinds of Animals, and ſtored with vegetable and other 
Subſtances. | 9 of "30 

5. In this View of the Univerſe, an auguſt Idea ariſes 
in the Mind, and worthy of the Infinite and Wiſe Au- 
thor of Nature, who can never be ſuppoſed to have 
created ſo many glorious Orbs to anſwer ſo trifling a 
Purpoſe as the twinkling to Mortals by Night now and 
then ; beſides that the far greateſt Part of the Stars are 
never ſeen by us at all, as will be farther ſhewn when 
we come to treat of thoſe celeſtial Bodies. 

6. When therefore Moſes tells us, that in the Begin- 
ning Cod created the Heavens and the Earth, it is to be 
underſtood in a limited Senſe, and to mean only the 
Making, or rather New-making, of our Terraqueous 
Globe; for tis expreſsly ſaid that the Earth in its firſt 
State was a Chaos, (in Hebrew MI) WIN Shapeleſs and 
Void) which 2 might be only the Ruins of a pre- 
exiſtent Globe inhabited by rational Creatures in the 
ſame manner as ſince its Renovation. And though it 
be ſaid, God made two great Lights, the Sun and the 
Aoon, it does not follow they had no Exiſtence before 
that Time, any more than it does that the Stars had 


not, which he is ſaid to have made alſo. 


7. Now if the Stars had no Exiſtence before the Mo- 
ſaic Creation, then were there no other Syſtems of Worlds 
before our own ; then muſt all the Infinity of Space have 
been one eternal abſolute /nane or Empty Space till that 
Time, and God who made the Horlds muſt be ſuppoſed 
to have made them all at once: Which Suppoſitions 
are too extravagant and unreaſonable, and therefore 
cannot be the Senſe of that Paſſage of Scripture 1 
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ASTRONOMY: 


The Ptolomean, invented by Prolomy, an an- 
cient: Egyptian Philoſopher; which afligns 
ſuch Poſitfons and Motions to the heavenly 
Bodies, as they appear to the Senſes to 
have. (2.) The Tychonic Syſtem; or that of 
the noble Daniſh Philoſopher, Tyrhs Brahe. 
(3.) The Pythagorean, Copernican, or Solar 
Syſtem, above-mentioned; Of all which in 
Order (CXXXII). N 
| THE 
1 think can be no more than this, that when God had 
formed the Earth into an habitable Globe, he gave it 
ſuch a Poſition and Motion about the Sun, and about 
its own Axis, as ſhould cauſe an agreeable Variety in 
the Length of Days and Nights, and in the Tempera- 
ture of the Seaſons: of the Year : All which will be 
ſhewn to have their Exiſtence and Diſtinction reſulting 
from theſe Principles, and no other, in the Scquel of 
the Notes to this Leclure. | 
(CXXXII) I. I have thought it expedient to illuſtrate 
the Idea of the three remarkable Syſtems of the World 
above-mentioned by proper Diagrams ; in the Firſt: of 
. which you view the Diſpoſition of the Heavenly Bodies 
according to the Hypotheſis of Claudius Ptolomaus, a 
famous Mathematician and Aſtronomer of Peluſium in 
Egypt, who lived. in the firſt Part of the ſecond Century 
after Chr1i/t. | 8 2 
2. This was firſt invented and adhered to chiefly be- 
cauſe it ſeemed to correſpond with the ſenſible Appear- 
ances of the Celeſtial Motions. They took it for granted 
that the Motions which thoſe, Bodies appeared to have 


were ſuch as they truly and really performed; and not 
dreaming of any Motion in the Earth, nor being ap- 


prized of the Diſtinction of abſolute, relative, or apparent 
Motion, they could not make a proper Judgment of 
ſuch Matters, but were under a Neceſſity of being mii 
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Tux Prolimean Syſtem ſuppoſes the Earth 
immoveably fixed in the Centre, not of the 


World. 


led by their very Senſes, for want of proper Aſſiſtance 
which After-Ages produced. 

3- Tis eaſy to obſerve they had no Notion of any 
other Syſtem but our. own, nor of any other World but 
the Earth on which we live. They thought nothing 
Jeſs than that all Things were made for the Uſe of 
Man ; that all the Stars were contained in one concave 


Sphere, and therefore at an equal Diſtance from the 


Earth ; and that the Primum Mobile was circumſcribed 
by the Calum Empireum of a cubic Form, which they 
ſuppoſed to be the Heavens, or bliſsful Abode of departed 
Souls. N | 
4. It would ſcarce have been worth while to have 
ſaid ſo much about ſo abſurd an Hypotheſis, (as this is 
now well known to be) were it not that there are ſtill 
numerous Retainers thereto, who endeavour very zea- 
louſly to defend the ſame, and that for two Reaſons 
principally, viz. becauſe the Earth is apparently fixed 
in the Centre of the World, and the Sun and Stars 
move about it daily; and alſo becauſe the Scripture 
wg the Stability of the Earth, the Motion of the 
un, Oc. 
5. Theſe two Arguments merit no particular Anſwer. 
It is ſufficient, with reſpe& to the firſt, to ſay, that we 
are aſſured Things may (yea muſt) appear to be, in 
many caſes, what they really are not, yea to have ſuch 
Affections and Properties as are abſolutely contrary to 
what really poſſeſs. Thus a Perſon fitting in the 
Cabin of a Ship under Sail, will, by looking out at the 
Window, fee an apparent Motion of the Houſes, the 
Trees, &c. on the Strand the contraty way, but will 
perceive no Motion at all in the Ship. Alſo a Perſon 
fitting in a Wind-Mill, if the Mill be turned about, 
he will fee an apparent Motion of the upright Poſt 
the contrary Way, but will not perceive any in the 


Mil. itſelf. 


5 6. All 


As tronoy H 
Horld only, but of the Univerſe ; and that 
the Sum, the Moen, dhe Planets, and Stars, 
| _— 


6. All thoſe Caſes ate exactly parallel to that of the 
Earth, (the Reaſon of which has been ſhewn in the 
former of this Work; Anett XX.) and it is as 
rational to aſſert the Ship and the Mill are really quieſs 
cent; and the other Bodies poſitively in Motion; as it is 
to inſiſt on the Motion of the Sun, and the Earth's be. 
ing at Reſt in the Centre. | 
7. As to the Scripture, as it was never intended for 
un Inſtitution of Aſtronomy or Philoſophy, ſo nothing 
is to be underſtpod as Reilly or poſitively aſſerted in 
relation thereto, but as ſpoken only agreeably to the 
common Phraſe or vulgar Notion of "Fhings, And 
thus Sir Iſaac Newton himſelf would always ſay, the 
un riſes, and the Sun fets; and would have ſaid with 
Jeſbna, Sun, fand thou fili, &c. though he well knew 
it was quite contrary in the Nature of the Thing. 
8. How ridiculous a Thing does Popery appear to be 
to all rational Minds, or to thoſe who are at liberty to 
thint, by inſiſting on the literal Senſe of Scripture ſo 
rigidly in the Expreſſion, This is my Bedy! And is it 
not equally abſurd to maintain that the Zarth/ands up- 
en Pillars, only becauſe we read ſo in the Bible? What 
an aukward Shift are thoſe celebrated Mathematicians 
Meſſ. Le Sear and Facqaier obliged to make; in their 
Commentary on Sir {aac's Principia The Editor, for- 
ſooth, is here the Commentator on all thoſe Parts that 
relate to the Earth's Motion or Gopernican Syſtern : And 
becauſe their Declaration is ſomething very ſingular in 
its Kind, I ſhall here give it in their own Words. 


PP. LI Stur & Jacquitn Declaratio. 
Newronus in hoc terti libro Telluris motie hypotheſin aſ 
fumit. Auteris Propoſitiones aliter explicari non paterunt, 
niſi eadem quoque faa hypotheſis, Hinc alienam coatti 
ſumus gerere perſonam ; cæterum latis a ſummis Pontifiti- 
bus contra Telluris Motum Decretis nos obſegui 1 
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Fig. 2. 


Motion of the Sun about the Earth, as in the Pro 
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all moved about it from Eaſt to Weſt once 
in twenty-four Hours, in the Order fol- 
lowing, 


| In Engliſh thus: 

& Newton in this Third Book has aſſumed the Hypo- 
« thefis of the Earth's Motion. The Author's Propo- 
4 ſitions are not to be explain'd but by making the 
„ ſame-Hypotheſis alſo, Hence we are obliged to pro- 
« ceed under a feigned Character; but in other Re- 
« ſpeCts we profeſs ourſelves obſequious to the Decrees 
« of the Popes made againſt the Motion of the Earth.“ 


9. By this it appears how well many People under- 
ſtand the Truth, who yet dare not to profeſs it. But 


to conclude this Head: There is no Authority equal to 


that of Truth ; the common Opinion, the literal Ex- 
preſſion of Scriptute, the Decrees of Popes, and every 
thing elſe muſt give way to plain and evident Demon- 


tration z of which we have abundantly ſufficient for 


eſtabliſhing the true Syſtem” of the World againſt all 
Oppoſition. 

10. The Tycho e is repreſented in che 
next Diagram. This had its Original from Tycho Brahe, 
a Nableman of Denmark, who lived in the latter Part 
of the laſt Century; he built and made his Obſervations 
at Uraniburg, (i. e. Celeſtiat Tower) in the Iſland Meer 


or Huena, This Philoſopher, though he approved of 


the Copernican Syſtem, yet could he not reconcile him- 
ſelf to the Motion of the Earth; and being, on the 
other hand, convinced the Ptolomean Scheme in Part 
could not be true, he contrived one different from either, 
which is repreſented by the next Diagram. 
IT. In this the Earth has no Motion allowed it, but 
the Annual and Diurnal Phænomena are ſolved « fs 
aic 
Scheme ; and thoſe of Mercury and Venus are ſolved by 
this Contrivance, though not in the ſame Manner, ſo 


ſimply and naturally, as in the Copernican Syſtem; as is 


eaſy to obſerve in the Figure, 


12. After 
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lowing, viz. the Moon, Mercury, Venus, 
the Sun, Mars, Jupiter, Saturn, the Fixed 
Stars; and, above all, the Figment of their 
Primum Mobile, or the Sphere which gave 
Motion to all the reſt: But this was too 
groſs and abſurd to be received by any 
learned. Philoſopher, after the Diſcoveries | 
by Obſervations and Inftruments which ac- | 
- quaint us with divers, Phænomena of the | 
heavenly Bodies, altogether inconſiſtent | 
with, and, in ſome Things, exactly con- 

tradictory to, ſuch an Hypotheſis; as will 

be ſnewn by the Arguments adduced to 

prove the Truth of the Copernican Syſtem. 

THE Tychonic Syſtem ſuppoſed the Earth Pl. LIT, 
in the Centre of the World, that is, of the Fig. 2. 
Firmament of Stars, and alſo of the Orbits 
of the Sun and Moon; but at the ſame 
Time it made the Sun the Centre of the 
Planetary Motions, viz. of the Orbits of 
Mercury, Venus, Mars, Jupiter, and Saturn. 

| | 7 Thus 


12. After this Scheme had been propoſed ſome time, 
it received a Correction by allowing the Earth a Motion 
about its Axis, to account for the Diurnal Phænomena 
of the Heavens; and ſo this came to be called the 
Semi-Tychonic Syſtem. But this was till wide of the 
Truth, and encumbered with ſuch Hypotheſes as the true 
Mathematician and genuine Philoſopher could never 
reliſh, Therefore both theſe Syſtems, and all others, 
at length gave way to the True Solar Syſtem, to be 
more fully deſcribed in the 3 Notes. | 
1 3 
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Thus the Sun, with all its Planets, wag 


made to revolve about the Earth once a 


Tear, to ſolve the Phenomena ariſing from 


r. Lin. 


the annual Morian; and the Earth about 
its Axis from Wet to Eaft once in 24 


Motion. e But this  Hypothefi is ſo mon- 
ſtrouſly abſurd, and contrary to the great 


Simplicity of Nature, and in ſome reſpecta 


even contradictory to Appearances, that it 
obtained but little Credit, and ſoon gave 
way to | 
THE Copernican Syſtem of the World, 
which ſuppoſes the Sun to poſſeſs the ceny 
tral Part; and that about it revalve * 
Planets and Comets in different Periods of 


Time, and at different Diſtances Fee 


in the Order following, viz, (CXXXIM). 
I MER⸗ 


(CXXXIIT) 1. The Spr Ax SYSTEM, as it is now 
taught, was in ſome part invented by the Ancients, per- 
haps by Pythagoras himſelf; for though Diogenes Laertius 
in writing his Life ſays no more of him than his aſſerting 
the Antipodes of the Earth, yet Ariflotle tells us that the 

of the Pythagoreans taught that the Earth was car- 
= about the Centre, (viz. the Sun) among the Stars, 

e. the Planets) and by turning about (its Axis) cn 2 

* and Night. Hence it came to be called the 
THAGOREAN HYPOTHESIS or SYSTEM of the dd. 

2. But ſome pf theſe, 'tis ſaid, allowed only one 
Motion of the Earth, viz. the a ne! ; while others, 
as Philolaus, Ariftarchus the Samian, Plato in his ad 
vanced Age,: alſo Selexcus the ER and others 


maintained 
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I. MERCURY, at the Diſtance of about 
32 Millions of Miles, revolves about the 


Sun 


maintained the Earth had two Motions, the diurnal about 
its Axis, and the aznug/ Motion about the Sun. Hence 
it is alſo called the PHILOLAIC SYSTEM. 

But the Aſtronomy of theſe early Ages died in its 
* and was buried in Oblivion for many Ages 
after; till at Length it began to be revived by Cardinal 
Cuſa, who wrote Fo Defence of it, but to no great Pur- 
pole, till after him it was eſpouſed by the celebrated 
Nicholas Copernicus, a Canon of Thorn in Poliſh Pruffie, 
where he was born A. D. 1473- This Gentleman un- 
dertook to examine it thoroug 7 and explained by it 
the Motions and Phænomena of the Heavenly Bodies ſo 
well to the Satisfaction of the Learned, that he was gee 
nerally followed therein by the principal Aſtronomers 
of that and the following Age; as Rheticus, Rothman- 
nus, Lanſhergius, Schikardus, Kepplerus, Galileo, and 
numberleſs others. From this Time it was called the 
COPERNICAN SYSTEM, 2 

4. After this aroſe divers great Men, as Gaſſendus, 
Heveliys, Bullialdus, Ricciolus, the two Caſſini 3, Mr, 
Hugens, Horrox, Biſhop Ward, Mr, Flamfteed, Dr, 
Halley, Dr. Gregory, Dr. Neil, and, above all, that ſu- 
perlative Genius Sir Iſaac Newtonz who all of them, 
with the greateſt Pains and Diligence, applied them- 
ſelves to make Obſervations, to invent Inſtruments, and 
to inveſtigate the Phyſical Cauſes of Celeſtial Phæno- 
mena; in which they ſo happily ſucceeded, eſpecially 


the laſt great Man, that the Nature, Extent, Order, 


and Conſtitution of all and eyery Part of the Solar Syf- 
tem, both of Planets and Comets, became fo well de- 
fined, ſtated and eſtabliſhed, as to admit of no Con- 
teſt or Scruple, with any Man properly qualified to un- 
derſtand it; and which therefore ought far the future 
to be called the NEWTONIAN SYSTEM of the World, ' 

5. This Sysrzu (na longer now to be called an 
Hypotheſis) is repreſented in a Plate by itſelf, with the 
Qrbits of all the Planets and Comets (hitherto deter- 
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Sun in the Space of 87 Days, 23 Hours, 
and 16 Minutes, 1 15. knobs 49 
II. VENus, 


mined) and at their proper Diſtances from the Sun, re- 
preſented by the central Point; it being impoſſible to 
repreſent, either by an Inſtrument or Diagram, the 
true Proportion both of Magnitude and Diſtances of 
the Sun and Planets, as will appear by what follows. 
6. For it muſt be allowed, that to render any Ma- 
chine or Delineation uſeful, the leaſt Part ought to be 
viſible; and one cannot well aſſign a leſs Bulk for the 
Globe of the Moon, than what is here repreſented in 
this Plate; which being fixed upon, the Magnitudes of the 
Planets Mercury, Venus, the Earth, Mars, Tr and 
Saturn and its Ring, muſt be ſuch as are thewn under 
the reſpective Names in the Plate; and with reſpect to 
theſe the Sun's Bulk or Face will be repreſented by the 
exterior Circle of the Diagram, which here repreſents 
the Ecliptic in the Heavens, and is nearly 9 Inches in 
Diameter. 8 | 
7. Now the Diameter of the Earth in this Scheme 
is 33; of an Inch, its Semidiameter is therefore ; and 
the Diſtance of the Earth from the Sun's Centre is about 
20000 Semidiameters. But 20000 X = 1000 Inches 
= 83, Feet; and ſince the Diſtance of Saturn is near 
ten times as great, it is evident the Extent or Diameter of 
a Machine to exhibit the ſeveral Parts of the Solar Syſtem 
in their due Proportion of Diſtances and Magnitudes 
(though no bigger than theſe here aſſign'd) will be at leaſt 
1600 Feet, or more than a Quarter of a Mile > And con- 
Sequently the Circumference of Saturn's Orbit will meaſure 
wy nbd Moe + Coho III! | 
8. In a much leſs Compaſs indeed the Diſtances might 
be repreſented very well in Proportion, but the reſpec- 
tive Magnitudes can no. otherwiſe be ſhewn than by 
fuch Globes or graphical Delineations as is the Plate 
ED of the Diagram under Conſideration. Another Thing 
which cannot be properly repreſented in ſuch a Plate is 
the Inclination of any Planetary Orbit to the Plane of 
the Ecliptic, eſpecially the Orbits of the Comets, of 
[4.00445 ef rp. T 
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ions of Miles, in 224 Days, 16 Hours, 49 


inutes. 


III. Tur EARTH, at the Diſtante of 
bout 82 Millions of Miles, in 365 Days, 
Hours, 9 Minutes, or Sydereal Year. 
IV. Mas, at the Diſtance of 123 Millions 
f Miles, in 686 Days, 23 Hours, 27 Mi- 
zutes, or 1 Year, 321 D 17 fas 
nd 18 Minutes. 
V. JorirEx, at the Diſtance. WT 124 
illions of Miles, in. 43 32 Days, 12 Haun. 
do Minutes, or almoſt 12 Years. | 
VI. Sarunv, at the Diſtance of 777 Mu- 
ions of Miles, in 10759 Days, 6 Hours, 
6 Minutes, or nearly 30 * ears, 
VI. THe CoMETS, in various and vaſtly 
pccentric Or bits, revolve about the Sun in 
different Situations and Periods of Time, 
as repreſented in the Scheme: 8 Mf. Wh 5 
ron's Solar Syſtem (CXXXIV).” 


hoſe Poſitions we can by no means mis way RY any 
dea. The ſeyeral Parts therefore of the Solar Siem 
nuſt be explainec and illuſtrated by diſtin&'Theories, 
vith proper Figures adapted to each: And this will be 
the Subject of the following Notes. 

XK KV) 1. The Periodical Pimes of the pti- 
mary Planets, Sir Iſaac Newton ſtated in 90 and De- 
rey Parts of 8 eee as follows: 


rY 


$5; 107 555358 * 


H. VrNus, at the Diſtance of '59 Mil- 


mY e 
| 37,9692 2249617 6, 36512865: 86,9785; #332974 
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2. The mean Diſtances of the Planets from the gen 


are thus ſtated by Sir Iſaac. 
Par According to Kepler, 
38806. 2 ® 8 kr: 5 
72400. T00000. 152350. 519050. 951000. 
358 2 to Bu A FLY 
38585. 72398. 100000. 152350. 522520. 9541 
Te to the Periodical Tires, 997 oh 


8710. 72333. 100900. 1523 20096. 954906, 
4 5 Bebe 2 can ſhew 152 de Pad 


Diſtances of the Planets are found, it will be ne. 
to premiſe the following Things, viz. The Ori 
of a Planet is not in the Plane of the Ecliptic. Thus let 
ANL O be the Orbit of a Planet P, and let BCET 
be the Earth's Orbit, which is in the Plane of the Eclip. 
tic; then will one half of the Planet's Orbit lie above 
3 as NL O, and the other Half N A O be. 
ow it. war | | | 
4 The two Planes, tber. 45 of the Planet's Orbit and 
of the Ecliptic will interſeft one another, which Interſec, 
gion will be a Right Line, as NO; and this is called 
the Line of the Nodes, the Nodes being the two Points 
N and O, in which the Planet deſcends below, or, al. 
cends above, the Plane of the Ecliptic; Whence 0 
* called the Aſteuding Node, and N the Deſcending 
ode. | | 
5. Let the Curve N O be deſcribed in the Planeof 
the Ecliptic perpendicular under the Half Orbit NLO; 
then is the Curve N O ſaid to be the Prejectian of th 
Planet's Orbit NL O on the Plane of the Ecliptic, and þ 
the projected Place of the Planet P, of its Place reduced 
6. The 1 . O meaſures the Juclination of the 
| Orbit to that of the Ecliptic ; which 
is alſo called the Obliguity thereof. The Perpendicular 
Diſtance P p is the Latitude of the Planet from the Plane 
of the Ecliptie; and L is the greateſt Latitude, if 
LO or LN be a Quarter of a Circle, Alſo the Difz 
tance of the Planet from the Node, viz. P O, is called 
| of Latitude. | i 
7. Draw SP, Sp, and TP, Typ, and join 8 T; then 
js the Angle P $ p the true Latitude ſeen from the Sur 
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at 5, and therefore called the Heliocentric Latitude ; and 
the Angle P T p is the apparent Latitude, or that which 
is ſeen from the Earth at T, and is therefore called the 
Geocentric Latitude. a 

g. The true Diſtance of the Planet from the Sun and 
Earth is meaſured by the Lines S P and PT; but 8 
and T þ are called the Curtate Di Alſo in the 


Elmgation, or Piſtance of the Planet ſrom the Bun. 
that under which the Semidiameter of the Earth's Orbit 
is ſeen; and the Angle g 8 T at the Sun is ufyally called 
the Angle of Commutation. a k 
g. We may now proceed to ſhew the Methods of de- 
termining the Pertedical Time of a Planet; which 
be done either by the Conjunctions or Oppoſitions 
the Planet to the Sun, Thus, fer Example, obſerve 
Il the Place of Jupiter in the Ecliptic at his 
2 to the Sun, and alſo when he comes to be in Op- 
ſition to the Sun again; and note well the Time that 
lapſed between. Then ſay, As the' Arch deſeribed be- 
tween the two Qppoſitions is to the whale Circumference, ſa 
1s the Time in which that Arch was deſcribed, is the Per- 
edical Time, very nearly; for it will not be exactly fo, 
pecauſe the Motion of a Planet is not quite uniform, as 
moving in an Ellipſis, and not in a Circle. In the fame 
manner you proceed for an inferior Planet. 115 
10. But a more accurate Method is by obſerving 
nicely the Time that elapſes between the Planet's being 
twice ſucceſſively in the ſame Node, {which may be 
Falily known, becauſe in that Part of 2 Orble the Bla- 
net has no Latitude) and that will be the Periodical 
Time of the Planet; for in one Revolution of a Planet, 
the Nodes ( if they move at all) will not move ſenſibly 
and may therefore be efteemed as quieſcent, 
11. In order to eſtimate the Diſtances of the F | 
we proceed for Venus and Mercury in the following Man- 
ner. Let the Place of the Planet in its greateſt Elon- 
— from the Sun be duly obſerved, the Difference 
etween that and the Sun's Place (as ſeen from the 
Earth) will be the Quantity of the greateſt Elon | 


Triangle 8 p T the Angle 8 Ty is called the A of 
The Angle Sp T is called the ParallaFic Angle, as being | 


ition 
pr of the, Angle A T 8, with reſpect wu Plat 
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nearly the Diſtance of Venus from the Sun. 


will not be a Right one. Its Quantity therefore muſt 
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Venus in her Orbit at A. And ſince the Orbit of Nut 
is nearly circular, the Line T A will touch the Orbit in 
the Point A, and ſo the Angle T AS will be a Right 
one. Suppoſe the Angle A T $ = 47 Degrees by Oh. 
ſervation; then if we put the Diſtance of the Earth 
8 T = 109000, ſay, As Radius or Sine of go9® is to the 
Sine of 47%, ſo is TS = 100000 to S A 730000, 


12. In like manner may the Diſtance of Mere 
from the Sun be determined in the Groſs, but not & 
nearly as that of Venus, becauſe the Orbit is much mor 
excentric or elliptical; and therefore the Angle TRS 


be found from the Theory of the Motions of Merary 
founded on Obſervations ; and from thence the third 
Angle-T S R'will be known, and conſequently the Side 
8 R, which is the Diſtance of Mercury from the Sun. 
13. In the Superior Planets this Matter is not quite 
ſo eaſy; however, there are divers Methods by which 
it may be done, by having the Theory of the Earth 
known, which gives the Side $'T ; and by Obſervation 


| the Angle $ T P is known, which is the Difference of e N 
the Geocentric Place of the Sun and Planet; then there * 
remains only the Angle 8 PT to be found, which Aſtro- Ve 
nomers ſhew how to do ſeveral Ways; one of which fa 
ia peculiar to Jupiter, being done by means of one de 
of his Satellites, as will be ſhewn when we treat of P. 
n i bon tf „ e 6 "1 by 

14. As I have in this Note mentioned the Incl. 
nation of the Planets Orbits to the Plane of the Eclip- ” 
tic, I ſhall give the Quantity thereof for each Planet as 
follows: * 225 0% e 
: — {15 * . 0 , ” 
| [Alercury is 6 59 20 
The Inclination of the Orbit of Mars — 1 52 © 0 b 
3 Ii — 1 20 OWN .* 
(Saturn — 2 33 P 
15. Alſo the Line of the Nodes in the ſeveral Plane. «f 


tary Orbits is determined ; and the Place in the Eclip- 
gc of the aſcending Node for each Planet is as follows: 


For 
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| e 15:45: M. 245 
Mercury in 8 14 42 ,00 
Venus — 1 14 25 54 

Fory Mars — 8 18 29 54 
2 — 3 7 19 84 it 
aturn — W 21 4 


” 54 £ " 

16, The Diſtance of the Planets 2 the Sun as 
above determined are reducible to Exgliſß Miles, by firſt 
finding the Earth's Diſtance in that Meaſure; and this 
is done by finding the Quantity of the Sun's Parallax, 
that is, of the Angle under which the Earth's Semidi- 
ameter appears at the Sun. Thus let S be the Centre 
of the Sun, and C the Centre of the Earth D EF in her 
Orbit AB; the Angle D'S C is that which we ſpeak of, 
as being that under which the Semidiameter C D of the 
Earth appears at the Sun. : 
17. To find this Angle Aſtronomers have attempted 
Variety of Methods, but have as yet found none that 
will determine it exactly; however, by many repeated 
Obſervations of Dr. Halley it is found to be not greater 
than 12”, nor leſs than 9. Wherefore 105 (the 
Mean) has been fixed upon as near the Truth, which 
we muſt be contented with till May 26, 1761, when 
Venus will tranſit the Sun's Diſk, by which means the 
ſame Gentleman has ſhewn the Sun's Parallax may be 
determined to a great Nicety, viz. to within a 5oodth 
Part of the Whole, See Phil. Tranſ. N“ 348, abridged 
r York 87 

18. Suppoſing therefore the Angle DS Cg 10“ 30%, 
and the Side DC = 1; then fay, | 

As the Tangent of , DSC10”" 30” = 3, 706764 


Is to Unity DC = 1 = 0,000000 
So is Radius 90, = ro, ooοο 
To the Side 8C= 196% 8 = 4,293236 


Then 19657, 8 Semidiameters of the Earth multiplied 
by 4000 gives 78631200 Engliſh Miles for the Diſtance 

of the Sun, 
19. Not the Diſtances only, but alſo the Diameters 
of the Planets are to be inveſtigated, by meaſuring their 
„ hd apparent 


. + Since tfe above was wrote, both the Tranſits of Venus have paſſed; 
iz, that in 1761, and the laſt in 17693 but nothing certain relating to 
the Sun's Parallax has been determined as yet; the Obſervations on the 
laſt Tranſit having net been all received, | 
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Sun's Diameter is to Saturn's as 1932“: 152, 6409 
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apparent Diameters with a Micrometer adapted 0 j 

n Teleſcope, Thus the 820 in his 3 - 

will be found to ſubtend an Angle of 3a 12” = 1992", 

and the Earth at the Sun ſubtends an Angle of 21” (be: fin 

ing double the Angle DS C.) Therefore the Nath B. 

ameter is to the Earth's Diameter as 1932-to 21, that Wl ** 

is, as 10000 to 109. | X 
20. Again: Mr. Pound (with the Hugenian Tels 8. 

ſcope of 123 Feet) found Saturn ſubtended an Angle 

of 16”. Therefore if Saturn were brought to the mem 


Diſtance of the Earth from the Sun, his apparent Dia — 
meter would be increaſed in the Ratio of 2549% T 
100000 8 

U 


to 13 that is, its Diameter would be ſeen under an Aci: 
equal to 954000 * 16” = 152,”64096. Whence te BW 4 


I ©0000 


:: 10000: 790. 

21. The ſame Gentleman meaſured Jupiter s apps 
rent Diameter, and found it ſubtend an Angle of 37 
wherefore Jupiter at the Diſtance of the Earth woul 


520096 2 
ſubtend an Angle equal to X 37 = 192, ½ 


Hence the Sun's real Diameter is to that of Jupiter y fac 
1932” : 192, 417 :: 10000: 996. 

22. Hugenius meaſured the Diameter of Mars wha Wl of 
neareſt the Earth, and found it did not exceed 30 or 
and that the Diſtance of Mars from the Earth was tha ren 
to the Sun's mean Diſtance as 15 to 41. (See hu Di 
Syſtema Saturnium,) Therefore Mars removed to the —_ 

iſtance of the Sun would ſubtend an Angle equal u acc 


15 x 30% = 10,9756. Whence the Diameter of de P. 


41 

Sun is to that of Murs as 1932 to 10, 9756 :: 10000! & 

57. . | 
23. Dr. Holley collected from the Appearance d 

Venus in the Sun's Diſk, May 26, 1761, that Faw 

ſeen from the Sun at her mean Diſtance would a 


under an Angle of 30“; conſequently, at the u {7a 
mean Diſtance ſhe would appear under an Angle equalts 

12333 EA . 
200006 X 30 = 21,6999, Therefore the Sun's ral th 


Dramci 
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Diameter is to that of Vt 48 1932": 21, 69927: 
10000: 112 *. 1 x, 


24. The ſame learned Gentleman by the like means 
finds Mercury at his mean Diſtance ſubtend an Angle of 


. 38710 
20”, and therefore at the Sun an Angle of ——— 


* 20” = 75, 742. — the Diameters of the 
| Sun and Mercury are as 1 : 7," 742 :: T0000 : 

25. There are other . of the Planets to 
obſerved, from whence ſeveral important Diſcoveries 
have been made in the Phyfical Part of Aſtronomy. 
Thus the Sun and ſome Planets, when viewed with a 

Teleſcope, appear to have dark Spots on their 
urface ; by theſe Spots thoſe Bodies are found to have 
a Motion about their Axis, and the Poſition of their 
Axis with reſpect to the Plane of the Ecliptic is by this 
means determined, - 1 

26. Theſe Spots are moſt numerous and eaſily ob- 
ſerved in the Sun. It is not uncommon to ſee them in 
various Forms, Magnitudes, and Numbers, movin 
over the Sun's Diſk. They were firſt of all difcov 
by the lyncean Aſtronomer Galileo, in the Year 1610, 
ſoon after he had finiſhed his new- invented Teleſcope. 

27. That theſe Spots adhere to or float upon the Sur- 
face of the Sun, is evident for many Reaſons. (1.) For 
many of them are obſerved to break out near the Middle 
den of the Sun's Diſk ; others to decay and vaniſh 
0 1 or at ſome Diſtance from his Limb. (2.) Their appa- 
den rent Velocities are always greateſt over the Middle of the 
bus Diſk, and gradually flower from thence on each Side to- 

* wards the Limb. (z.) The Shape of the Spots varies 
ll to ⸗sccording to their Poſition on the feveral Parts of the 
Die; thoſe which are round and broad in the Middfe 

grow oblong and flender as they approach the Limb, 
3500! — as they ought to appear by the Rules of 

Hits, | 

r d 28. By comparing many Obſervations of the Inter- 
n 2's of Time in which the Spots made their Revo- 
der lutions, by Caliles, Caſſini, Scheiner, Hevelius, Dr. 
* Halley, Dr. Derham, and others, it is found that 27 
ual t Days, 


* * The apparent Diameter of Ninus (meaſured by a Micrometer) upon 
$ the Face of the Sun in both Tranſits, was 38% at = Mein, (Sermy Te- 
GS in the Trarfits lately Publifped )+ 
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Pl. LIV. 
Fig. 3. 
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Days, 12 Hour, 20 Minutes is the Meaſure of one 


them at a Mean: But in this Time the Earth deſcriby 


the angular Motion of 269 22 about the Sun's Centre; 
therefore ſay, As 360? ++ 26® 22 is to 3609, ſo is 25d 
of the Sun's Revolntion about its Axis. 

29. Had the Spots moved over the Sur in right lined 
Directions, it would have ſnewn the Sun's Axis to have 
been perpendicular to the Plane of the Ecliptic; but 
ſince they move in a curvilinear Path, it proves his Axis 
inclined to the Axis of the Ecliptic ; and it is found by 
Obſervation, that that Angle is equal to 7 30'; that i, 


12 h. 20 to 25d. 15h. 16; which therefore is the Time 


if BD paſſing through the Centre of the Sun C be pe: 


pendicular to the Plane of the Earth's Equator H], 


then will the Axis of the Sun's Motion A E contain 


with that Perpendicular the Angle ACB = 7 30 S 


GC, the Angle which the Equator of the Sun G 
makes with the Plane of the Ecliptic. 


30. And the Points in which a Plane paſling through 
the Perpendicular B D and Axis A'E cuts the Ecliptic 
are in the 8th Degree of Piſces on the Side next- the 
Sun's North Pole A, and conſequently. in the 8th De- 
gree of Virgo on the other Side next the South Pole . 
Schenier had determined the Angle B CA to be 7 De- 


.grees, and Caſſini made it 8 by his Obſervations ; which 
is the Reaſon why 7“ 30“ is choſen for a Mean. 


31. As to the Magnitude of the Spots, it is very con- 
ſiderable, as will appear if we obſerve that ſome d 
them are ſo large as to be plainly viſible to the naked 
Eye. Thus Galileo ſaw one in the Year 1612, 4nd! 
know two Gentlemen who have thus view'd them-with- 
in 20 Years paſt: Theſe Spots therefore muſt ſubtend 
at leaſt an Angle of 1 Minute. Now the Diameter 
the Earth, if removed to the Sun, would ſubtend at 
Angle of but 20“; hence the Diameter of a Spotjult 
viſible to the naked Eye is to the Diameter of the 
Earth as 60 to 20, or as 3 to 1; and therefore the Surface 


of the Spot, if circular, to a Great Circle of the Earth a 


9 to 1. But the Areas of 4 Great Circles are equal tothe 
Larth's Superficies ; whence the Surface of the Spotis 
to the Surface of the Earth as 9 to 4, or as 24 to 1. 
32. Gaſſendus ſays he ſaw a Spot whoſe Diameter 
was equal to 2 of that of the Sun, and therefore ſub- 
| 2 | 


gy £2* 42.4 
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tended an Angle at the Eye of 37 go” 3 its Surface was 


therefore above $ times larger than the Surface of the 
whole Earth. What thoſe Spots are, I believe no body 
can tell; but they ſeem to be rather thin Surfaces than 
ſolid Bodies, becauſe they loſe the Appearance of So- 
lidity in going off the Diſt of the Sun. They re- 
ſemble ſomething of the Nature of Scum or Scoria 
ſwimming on the Surface, which are generated and diſ- 
ſolved by Cauſes. little known to us. . ; 

33. But whatever the Solar Spots may be, tis cer- 
tain they are produced from Cauſes very inconſtant and 
irregular: For Scheiner in his Roſa Urſina, which con- 
tains near 2000 Obſervations upon theſe Spots, ſays 
he frequently ſaw 50 at once, but for 20 Years after, 
(viz. between the Year 11650 and 1670) ſcarce” any 
appeared. And in this Century the Spots were fre- 
quent and numerous till the Year 1741, when for three 
Years ſucceſſively _ few appeared. I ſaw but one 
in all that Time; and now ſince the Year 1744 they 
have appeared again as uſual. 

34. Theſe Maculæ or dark Spots are not peculiar to 
the Sun; they have been obſerved alſo in the Planets, 
Thus Venus was obſeryed to have ſeveral by Signior 
Blanchini, the Pope's Domeſtic Prelate, in the Year 
1726; by which he determined her Revolution about 
her Axis to be performed in 24 Days and 8 Hours ; and 
that her Axis 1s inclined to the Plane of the Ecliptic in 
an Angle of 15 Degrees; and laſtly, that the North 
Pole of this Planet faces the 20th Degree of Aqua- 
u,. f 

35. As in Venus, ſo in Mars, both dark and bright 
Spots have been obſerved by Galileo firſt, and afterwards 
by Signior Caſſini, Dr. Hook, Miraldi, Mr. Roemer, 
and others. By theſe Spots the diurnal Revolution of 
Mars about its Axis is determined to be 24 Hours and 
40 Minutes; and that the Axis is nearly perpendicular 
to the Plane of its Orbit, | 

36. There ſeems to be good Reaſon to conclude 
Mars is encompalied with a large Atmoſphere ; for 
Caſſini obſerved a Fixed Star, at the Diſtance of 6 Mi- 
nutes from the Diſk of Mars, became ſo faint before 

Vor, III. I its 
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. ASTRONOMY, , 
THESE are all the heavenly Bodies yet 


known to circulate about the Sun, as the 


Centre of their Motions; and among the 
Planets, there are three which are found 
to have their ſecondary Planets, Satellites, or 
Moons, revolving conſtantly about them, 

as 


its Occultation, that it could not be ſeen with the naked 
Eye, nor with a Teleſcope of 3 Feet; though Stars of 
that Magnitude are plainly viſible even in Contact with 
the Moon, which for that Reafon ſeems to have no 
Atmoſphere. 

37. Jupiter has had his Spots obſervable ever ſince 
the Invention and Uſe of large Teleſcopes ; and from 
repeated Obſervations they ſhew Jupiters Revolution 
about its Axis is in 9 Hours and 56 Minutes. Beſides 
theſe Spots, Jupiter has the Appearance of three Zones 
or Belts encompaſſing his Body, ſometimes more, ſo 
that his Diſk ſeems clouded with them: W hat they 
are, no Body yet can tell. The Axis of this Planet 
alſo is nearly perpendicular to the Plane of his Orbit. 

38. Conſidering the large Magnitude of Jupiter, and 
his ſhort diurnal Rotation, the — arts of his 
Surface muſt have a prodigious Velocity, which of Con- 
ſequence muſt cauſe him to be of a ſpheroidical Figure 
(as was ſhewn of the Earth.) Accordingly Caſſini found 
the Axis of the Equator to be to that of the Poles as 
14 to 15; but Mr. Pound afterwards more exactly de- 


termined them to be as 12 to 13, agreeable to Sir Iſuc 


Newton's Computation. 

39. Saturn by reaſon of his great Diſtance on one 
hand, and Mercury by reaſon of his Smallneſs and Vi- 
cinity to the Sun on the other, have not as yet had any 
Spots diſcovered on their Surfaces ; and conſequently 
nothing in relation to their diurnal Motions, and Incli- 
nations of their Axis to the Planes of their Orbits, can 
be known, | 
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as the Centres of their Motions, (CXXXV) 
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THE 


(xxxv) 1. Of che ſix Primary Planets, we find 
but three that are certainly attended with Moons, viz. 


| the Earth, Jupiter, and Saturn ;, for though Mr. Short 


has given an Account of a Phenomenon that he ob- 
ſerved ſome Years ago, which ſeems extremely like a 
Moon about Venus, yet as it was never obſerved before 
nor ſince through the beſt of Teleſcopes, I can by no 
means think it was a real Moon : However, that the 
Reader may uſe his own Judgment, I refer him to the 
Account given of it in the Philoſophical Tranſactions. 


2. The Diſtance of our Moon from the Earth is deter- 


mined by her horizontal Parallax, or the Angle which 
the Semidiameter of the Earth ſubtends at the Moon, 
viz. the Angle A OC, which is the Difference between 
the true Place of the Moon's Centre O when in the 
Horizon, and the apparent Place thereof as view'd:from 
the Surface of the Earth at A. The former is known 
by Aſtronomical Tables, the latter by Obſervation : 
And the TY. of this Difference or Angle at a Mean 
is 57 17 AOC. | 1 I | 

3. If therefore we ſay, As the Tangent of 57 12“ is to 
Radius, ſo is AC r I to CO S 60, 1; this will he the 
mean Diſtance of the Moon in Semidiameters of the 
Earth. Therefore ſince one Semidiameter of the Earth 
contains 3982 Miles, we have 3982 X 60, 1 = 239318, 2 
S Co the mean Diſtance of the Moon. 

4. The Moon's apparent Semidiameter MO mea- 
ſures (at her mean Diſtance) 15' 38 *= 938” by the Mi- 
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Pl. LIV. 
Fig. 4. 


crometer, which is the Quantity of the Angle MC O. 


The Earth's Diameter therefore is to the Moon's as 
3432 to 938“, that is, as 109 to 30, or as 3, 63 to 1. 


Wherefore — 7964 = 2192 Miles is the | Moon's 


Diameter, 


5. Therefore the Face of the Earth, as it appears to- 


the Lunarians, is to the Face of the Moon as it ap- 
Pears to us, as 109 X 109 to 30 X 30, viz. as 11881 to 
I 2 _ 


A$TRONOMY. 


TE EARTH, which: bas only one Mom 
revolving about it, in 27 Days, 7 Hours, 43 
iT Minutes, 


900, of as 13,2 to 1. And the real Bulk of the Earth 
is to that of the Moon as 109 X 109 X 109 to 30 X 30 
* Jo, viz. as 1295029 to 27000, that is, as 1295 00 
27, or as 48 to 1 very nearly. ' ea Haven 
6. Sir Iſaac Newton nientions the Atmoſphere about 
the Moon, but other Aſtronomers think there is Reaſon 
(not to ſay a Demonſtration) for the contrary : For were 
there an Atmoſphere of Air like ours, it 'muſt neceſſa- 
rily obſcure the Fixed Stars in the Moon's Appulle to 
them; but it has been obſerved that this never happens; 
on the contrary they preſerve all their 'Splendof to the 
Moment of their Occultation, and then diſappear in- 


ſtantaneouſly, and in the fame manner they recover 


their Light when they appear again on the other Side. 


And this I am very certain of from the late remarkable 


Occultation of Jupiter, 'which I obſerved with a.good 
reflecting Teleſcope from the Beginning to the Led 
with all the Attention poſſible, becauſe J was very de- 
ſtrous to be ſatisſied about that Matter; and all the 
Phenomena conſpired to convince me, there Was no- 
thing like an Armoſphere about the Moon. 

7. That the Surface of the Moon is not ſmooth or 
even, but diverſified with Hills and Vales, Continents 
and Seas, Lakes, &c. any one would imagine who 
views her Face through a large Teleſcope. That ſhe 
has Variety of Hills and Mountains is demonſtrable from 
the Line which bounds the light and dark Parts not be- 
ing an even regular Curve, as it would be upon 
ſmooth ſpherical Surface, but an irregular broken Line, 
full of Dens and Notches, as repreſented in the Figure: 
Alſo becauſe many fmall (and ſome large) bright Spot 
appear in the dark Portion, ſtanding out at ſeveral ſmall 
Diſtances from the boundary Line; which Spots in 
few Hours become larger, and at laſt unite with" the 
enlightened Portion of the Diſk. te | 

8. On the other hand we obſerve many ſmall Spots 
interſperſed all over the bright Part, ſome of _ 
ye 
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Minutes, at the mean Diſtance of about 
240,000 Mile. Eq 
JueITER 


have their dark Sides next the Sun, and their oppoſite 
Sides very bright and circular, which infallibly proves 
them to be deep, hollow, round Cavities ; of which 
there are two very remarkable ones near together on the 
upper Part, and _ be viewed excceding plain when 
the Moon is about four or five Days old. . 
9. To meaſure the Height of a Lunar Mountain is a 
curious Problem, and at the ſame time very eaſy to ef- 
fe in the following Manner. Let C be the n's Pl. LIV. 
Centre, EDB a Ray of the Sun touching he Moon's Fig. 5. 
Surface in D, and the Top of a Mountain in B. Draw 
CB and CD; the Height of the Mountain AB is to 
be found, With a Micrometer in a Teleſcope: find 


ver 
de. what Proportion the Diſtance of the Top of the Moun- 
ble tain B from the Circle of Illumination at D, bears to 
0d the Diameter of the Moon, that is, the Proportion of 
nd the Line DB to DF; and becauſe DF is known in 
le- Miles, D B will be alſo known in that Meaſure. 
the 10. Now admit that DB:DGC:: 1:8, as in one 
0. of the Hills it will be; then DC* +DB*= 64 + x 
* = 65 = C B* ; whence / 65=8,062= BC; where- 
bo fore BC—AC = 8,062 —8 = 0,062 = AB, the 
10 Height of the Mountain required. Wherefore AC: 
he AB:: 8: 0,062 :: 8000 : 62. And ſince the Moon's 
1 Semidiameter A C = 1096 Miles, therefore 8000: 62 
"4 : 1096 : 8,5 nearly, This Mountain then being 85 
5 Miles high, is nearly three times higher than the higheſt 
2 Mountain on the Earth. | 
4 11. Again, the Cavities are proportionably large and 
1 deep. I have obſerved Cavities in the Moon more than 
al the 100dth Part of the Moon's Diameter in Breadth, 
* which is about 200 Miles upon the Moon's Surface; 


their Depths appear likewiſe proportional. The Lunar 
Cavities therefore prodigiouſly exceed the Height of the 
Mountains; and conſequently the Surface of the Moon 

54 has 
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JuzIiTER is obſerved with a- Teleſcope ' 
to have four Satellites, which move about 


him 
has but little Similitude to the Surface of the Earth in f 
theſe Reſpects. 0 
12. Since the Moon's Surface appears ta be ſo very 
mountainous and irregular, it has been a Queſtion, hoy 
it comes to paſs that the bright circular Limb of the t 
Diſk does not appear jagged and irregular, as well a 


the Curve bounding the light and dark Parts ? In An- | 
ſwer to this, it muſt be conſidered, that if the Surface 
of the Moon had but one Row of Mountains placed 
round the Limb of the Diſk, the ſaid bright Limb would | 
then appear irregularly indented ; but ſince the Surface 
is all over mountainous, and fince the viſible Limb is | 
to be conſidered not as a ſingle curve Line, but a large | 
Zone, having many Mountains lying one behind ano- | 
ther from the Obſerver's Eye, tis evident the Moyn- | 
tains in ſome Rows being oppoſite to the V ales in others, 
will fill up the Inequalities in the viſible Limb in the te- 
1 moter Parts, which diminiſh to the Sight and blend with | 
hg each other, ſo as to conſtitute (like the Waves of the 
| Sea) one uniform and even Horizon. 
i 13. Whether there be Seas, Lakes, &c. in the Moon, 
has been a Queſtion long debated, but now concluded 
in the Negative': For in thoſe large darker Regions 
which were thought to be Seas) we view through a good 

eleſcope many permanent bright Spots, as alſo Ca- 
verns and empty Pits, whoſe Shadows fall within them, 
which can never be ſeen in Seas or any liquid Subſtance, 
Their dark and duſky Colour may proceed from a Kind 
of Matter or Soil which reflects Light leſs than that of 
the other Regions, 

14. Theſe Spots in the Moon have continued always 
the ſame unchangeably ſince they were firft viewed with 
a Teleſcope ; though leſs Alterations than what happen 
in the Earth in every Seaſon of the Year, by Verdure, 
Snow, Inundations, and the like, would have cauſed a 
Change in their Appearance. But indeed, as there are 
no Seas nor Rivers in the Moon, and no Atmoſphere, 
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him in the Times and Diſtances follow- 
ing, VIZ. | 
- THE 


ſo of courſe there can be no Clouds, Rain, Snow, or 
other Meteors, whence ſuch Changes might be ex- 

Qed. 
oY 5. Since (as we have ſhewn) the mean Diſtance of 
the Moon is about 60 Semidiameters of the Earth, at 
the Diſtance of the Moon one Degree of the Earth's 
Surface will ſubtend an Angle of one Minute, and will 
therefore be viſible ; but ſuch a Degree is equal to 695 
Miles, therefore a Spot or Place 70 Miles in Diame- 
ter in the Moon will be juſt viſible to the naked Eye, 

16. Hence a Teleſcope that magnifies about 100 
times will juſt diſcover a Spot whoſe Diameter is 52 
of 70 Miles, or 3% ot a Mile, or 3698 Feet: And a Te- 
leſcope that will magnify 1000 times will ſhew an Ob- 
ject that is but ;Z, of a Mile, that is, whoſe Diameter 
is but 370 Feet, or little more than 120 Yards; and 
therefore will eaſily ſhew a ſmall Town or Village, or 
even a Gentleman's Seat, if any ſuch there be, 

17. The Time which the Moon takes up in mak- 
ing one Revolution about the Earth, from a Fixed 
Star to the ſame again, is 27d. 7 h. 43, which is cal- 
led the Periodical Month. But the Time that paſſes 
between two Conjunctions, that is, from one New 
Moon to another, is equal to 29 d. 12 h. 44 3”, which 
is called a Synodical Month : For after one Revolution 
is finiſhed, the Moon has a ſmall Arch to deſcribe to 
pet between the Sun and the Earth, becauſe the Sun 

eeps advancing forwards in the Ecliptic. Now this 
Surplus of Motion takes up 2 d. 5 h. 1* 3 which added 
to the Periodical Month makes the Synodical, according 
to the mean Motions. | 

18. The Moon moves abont its own Axis in the ſame 
Time that it moves about the Earth, from whence it 
comes to paſs that ſhe always ſhews the ſame Face to 
us: for by this Motion about her Axis juſt ſo much 
of her . 4. is turned tow ards us conſtantly, as by 
per Motion about the Earth Would be turned from us. 
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Pl. LIV. 
Fig. 6. 
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Tux Firſt in 1 Day, 18 Hours, 27 M. 
nutes, at the Diſtance of 55 Semidiame- 
ters 


19. But fince this Motion about the Axis is equable 
and uniform, and that about the Earth (or common 
Centre of Gravity) is unequal and irregular, as bein 
je in an Ellipſis, it muſt follow, that the ſame 

art of the Moon's Surface preciſely can never be ſhewn 
conſtantly to the Earth; and this is confirmed by the 
Teleſcope, through which we often obſerve a little Gore 
or Segment on the Eaſtern and Weſtern Limb appear 
and diſappear by turns, as if her Body librated to and 
fro; which therefore occaſioned this Phenomenon to 
be called the Mon's Libration. ; 

20. The Orbit of the Moon is elliptical, more ſo 
than any of the Planets, and is perpetually changing ot 
variable, both in reſpect of its Figure and Situation; of 
which we ſhall treat more largely in another Place, 
The Inclination of the Moon's Orbit to the Plane of 
the Ecliptic is alſo variable, from 5 Degrees to 5 18. 
The Line of Nodes likewiſe has a variable Motion 
from Eaſt to Weſt, contrary to the Order of the Signs, 
and compleats an entire Revolution in a Space of Time 
a little leſs than 19 Years. Alſo the Line of the Ap/ides, 
or of the Apogee and Perigee, has a direct Motion from 
Weſt to Eaſt, and finiſhes a Revolution in the Space of 
about 9 Years, All which will be more copiouſly 
treated of when we come to explain the Phyſical Cauſes 
thercof. | | 

21. The Phaſes of the Moon in every Part of the 
Orbit are eaſily accounted for from her different Situa- 
tion with reſpect to the Earth and Sun: For though to 
an Eye placed in the Sun ſhe will always exhibit'a 
compleat illuminated Hemiſphere, yet in reſpect to the 
Earth, where that Hemiſphere is viewed in all Degrees 
of Obliquity, it will appear in every Degree from the 
greateſt to the leaſt ; ſo that at E no Part at all of the 


enlightened Surface can he ſeen, At F a little Part of 


it is turned towards the Earth, and from its Figure it 
| is 
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ters of Fupriter's Body from his Centre, as 
meaſured with a Micrometer. 
THE 
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is then ſaid to be horned. At G one Half of the en- 


lightened Surface is turned to the Earth, and ſhe is then 
ſaid to be dichotomized, and in her firſt Quarter or Qua- 
drature. At H a Part more than half is turned to the 
Earth, and then ſhe is ſaid to be gibbous. At A her 
whole illumined Hemiſphere is ſeen, being then in Op- 
#o/itimm to the Sun; and this is called the Full Moon. 
At B ſhe is again gibbous, but on the other Part; at C 
ſue is again dichotomixed, and in her laſt Quarter; at D 
ſhe is horned, as before; and then becomes new again 
at E, where ſhe is in Conjunction with the Sun. 

22, If MN be drawn perpendicular to the Line SL 
joining the Centres of the Sun and Moon, and OP 
perpendicular to the Line TL joining the Centres of 
the Earth and Moon, *tis evident the Angle OLM in 
the firſt Half of the Orbit, and PL N in the ſecond, 
will be proportional to the Quantity of the illuminated 
Diſk turned towards the Earth ; and this Angle is every 
where equal to the Angle E T L, which is called the 
Elongation of the Moon from the Sun. | 

23. To find what Quantity of the Moon's viſible 
Surface is illuſtrated for any given Time, we are to con- 
ſider that the Circle of Illumination BF C is oblique to 
the View every where (but at G and A) and therefore 
by the Laws of the Orthographic Projection (which 
ſee in my Elements of all Geometry) it will be projected 
into an Ellipſe whoſe longeſt Axis is the Diameter of 
the Moon B C, and the Semi-conjugate is FL = Co- 
fine of the Angle of Elongation FBP. Hence FP = 
Verſed Sine of the ſaid Angle. But from the Nature 
of the Circle and Ellipſe we have LP in a conſtant 
Ratio to FP, wherever the Line PO is drawn perpen- 
dicular to B; therefore alſo 2 LP = PO has a con- 
ſtant Ratio to FP. But (by Euclid V. 12.) the Sum 
of all the Lines OP = Area of the Circle, is to the Sum 
Hall the Lines FP = Area of the illuminated Part, * 

the 
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Tux Second in 3 Days, 13 Hours, 23 
Minutes, at the Diſtance of 9 Semidiame. 
ters. 

THE Third in 7 Days, 3 Hours, 42 
Minutes, at the Diſtance of 14+s Semidia- 
meters. 4 

THE Fourth in 16 Days, 16 Hours, 32 

, | Minutes, 


#he Diameter of the Circle OP to the Verſed Sine of the 


Elongation FP. 

24. As the Moon illuminates the Earth by a reflex 
Light, ſo does the Earth the Moon; but the other 
Phænomena will be different for the moſt part. I ſhall 
recount them for the Reader's Curioſity as follows, 
(J.) The Earth will appear but to little more than 
one - half of the Lunar Inhabitants, (2.) Thoſe to 
whom the Earth is viſible, it appears fixed, or at leaff 
to have no circular Motion, but only that which re- 
fults from the Moon's Libration. (3.) To thoſe who 
live in the Middle of the Moon's viſible Hemiſphere 
fee the Earth directly over their Heads, (4.) To thoſe 
who live in the Extremity of that Hemiſphere the Earth 
ſeems always nearly in the Horizon, but not exactiy 
there, by reaſon of the Libration. (5.) The Earth in 
the Courſe of a Month would have all the ſame Phaſes 
as the Moon has, Thus the Linarians when the Moon 
is at E, in the Middle of their Night, ſee the Earth 
at Full, or ſhining with a full Face; at G it is dichs- 
tomized, or half light and half dark; at A it is wholly 
dark, or New; and at the Parts between theſe it is 
gilbous. (6.) The Earth appears variegated with Spots 
of different Magnitudes and Colours, ariſing from the 
Continents, Iſlands, Oceans, Seas, Clouds, Sc. (7. 
Theſe Spots will appear conſtantly revolving about 
the Earth's Axis, by which the Lunarians will deter- 
mine the Earth's diurnal Rotation, in the fame Manger 
as we do that of the Sun. 


the 
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Minutes, at the Diſtance of 25 Semidi- 
ameters (CXXXVI). | 
SATURN 


(CXXXVI) 1.+GAL1LE0 firſt diſcovered the Satel- 
lites or Moons of Fupiter, in the Year 1610; and call'd 
them Medicea Sidera, or Medicean Stars, in Honour of 
the Family of the Medici, his Patrons, The famous 
Piece called Sidereus Nuncius, in which he particularly 
deſcribes the Diſcovery of theſe Stars, he dedicated to 
Cosmus MeEepices II. the fourth Great Duke of He- 
truria. 5 bit 
2. The Orbits of Jupiter's Moons lie nearly in the 
Plane of the Ecliptic, which is the Reaſon why their 
Motion is apparently in a right Line, and not circular, 
as it really is. To underſtand this, let 8 be the Sun, 
T the Earth in its Orbit T H, I the Planet Jupiter in 
his Orbit AIB, and in the Centre of the four Orbits 
of his Moons. Then, becauſe the Plane of thoſe Or- 
bits does nearly paſs through the Eye, the real Motion 
of the Satellite in the Periphery will be apparently in 
the Diameter of the Orbit, which is at Right Angles 


to the Line joining the Centre of the Earth and Ju 


ter. 
3. Thus ſuppoſing the Earth at R, if D C be drawn 
through the Centre of Jupiter perpendicular to RI, the 
Motion of each Moon and their Places will appear to 
be in that Line. Thus if the exterior Moon be at E 
or F, it will appear to be at I, either upon or behind 
the Centre of Jupiter; if the Moon move from E to 
K, it will appear to have moved from I to L; and 
when it moves from K to C, it will appear to move 
from L to C. Again, while the Satellite moves from 
C to M, it will appear to move from C to L; and as 
it goes from thence to F, it apparently moves from L 
to J. Thus alſo on the other Side the Orbit, while 
the Satellite deſcribes the Quadrant F D, its apparent 
Motion will be from I to D; and then from D to I 
again, as it comes from D to E. 

4. Whence, ſince this is the Caſe of each Satellite, 


it appears that while each Satellite deſcribes the * 
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SATURN has five Moons; and beſides them 
a. tupendous Ring ſurrounding his Body, 
ene, . whidl. 


Half of its Orbit C F D, its apparent Motion will be 
direct, or from Wet to Eaſt along the Line CD; and 
while it defcribes the other Half D E C, its apparent 
Motion is retrograde, or from Eaſt to Weſt back agai 

along the Line from D to C. So that each Satellite 
traverſes the Diameter of its Orbit twice in each Re. 


volution. ; 


5. The Moons of Jupiter ſeverally ſhew the fame 
Phaſes to him as ours does to us. They diſappear 
from our Sight ſometimes, fo that tis very rare to 
have all the four in View at once; nor is it poſſible to 
know which Satellite in Order you ſee, but from the 
Knowledge of the Theory and Calculation, becauſe 
the remoteſt Satellite may appear neareſt to Jupiter, 
and the contrary, as is evident from a View of the Fi- 

ure. 12 4) 
| 6. Theſe Moons, like our own, ſuffer an Eclipſe 
every time they come to the Shadow of Jupiter, as at 
F. Alſo, ſuppoſing the Earth at T, the Satellite at G 
will undergo an Occultation behind the Body of Jupi- 
ter, as is evident from the Scheme. Again, a Satellite 
will ſometimes loſe its Luſtre as it — 5 over the en- 
lighten'd Diſk of its Primary; as when it is at E and N, 
and the Earth in Rand T. Laſtly, One Satellite at 
O may diſappear behind another at K, or cauſe anather 
to diſappear behind it at M. | 

7. The Obſervations by Teleſcopes have been car- 
ried fo far as to make it very probable that all the 8a. 
tellites do really revolve about their own Axis, by means 
of Spots which they have diſcovered to belong to them, 
and which by their Motion cauſe a great Variety in 
the Brightneſs of the Satellites, and ſometimes do al- 
moſt obſcure them: For which ſee Mr. Pound's Ob/er- 
vations in Jones's Abridgement of the Philsſophical Tran 
actions, Vol. IV. p. 37. | 
8. By means of Jupiter's Satellites ſeveral noble Pro- 
blems in Natural Philoſophy have an eaſy and elegant 

| Solution; 
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*lioſe- Width and Diſtance from Saturn's 
Body are equal, and computed at upwards. 
of 20,000 Miles, The Periodical Times 
and Diſtances of the Saturnian Moons 
in Semidiameters of the Ring are as fol- 
low. r 5 I N 
Tur Firſt, or inmoſt, revolves about 
Saturn in 1 Day, 21 Hours, 18 Minutes, 
7 1 „i 'at 
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Solution; the Firſt of which is, to determine the Ratio 

ef the Velocity of Light. The Manner-how this is dane 
have elſewhere ſThewn : See Annor. CXII. The Se- 

cond is, to determine" the Longitude f n Place from! aw 

propoſed Meridian; which is eaſily done by the follow- 

ing Method. Let the Moment of Time in which the 

Satellite enters the Shadow of Jupiter be calculated for 

the given Meridian from Tables of its Motion ; then 

let the Moment of Time be well obſerved when this 

Immerſion happens at the propoſed Place; the Di- 

ference of theſe two Moments turned into Motion will 

give the Longitude of the Place for that Meridian, al- 

lowing 15 Degrees for every Hour, 1 Degree for every, 

4 Minutes of Time, or 15 Minutes of a Degree for 

every Minute of Time. fis 
9. The Third Problem is, to find the Diſtance of 

Jupiter from the Sun. This is done as follows: Let 

the middle Moment of the Occultation of a Satellite as Fig. 8 

at G be obſerved, and again the middle Moment of the, ht 

following at F; this will give the Time in which the 

Arch G F is deſcribed, Then ſay, As the Time of the 

whole Revolution is to the Time now found, ſo is the 

whole Circle or 360 Degrees to the Degrees and Mi- 

nutes contained in the Arch FG; which is therefore 

the Meaſure of the Angle FIG, or its Equal T.I S, 

which is the. Parallatic Angle at Fupiter; which being 

known, the Diſtance of Jupiter from the Sun I'S is 

known, by what has been ſhewn in Annot. CXXXIV. 
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at the Diſtance of near 2  Semidiameters 1 
the Ring. 

THE Second in 2 Days, 17 Hout it 
Minutes, at the We of 24 en 
meters. 

THE Third in 4 Dui I2 Faun Tt 
Minutes, at the Diſtance of 37 Semidia- 
meters. 

THE Fourth 3 in 1 p Days, 22 Hine 41 
Minutes, at che Diſtance of 8 ang 
meters. 

THE Fiſib in 70 Days, 22 Houle 4 
Minutes, at the Diſtance of 23% Semi- 
diameters (CXXXVII). 


THESE 


(CXXXVII) 1. Though Galiles's Teleſcope was 
ſufficient to diſcover all Jupiter's Moons, it would not 
reach Saturn's, they being at too 3 Diſtance. But 

et this ſagacious Obſerver found Saturn, by reaſon of 
his Ring, had a very odd Appearance; for his Glaſs 
was not good enough to exhibit the true Shape of the 
Ring, but only a confuſed Idea of that and Saum 
together, which in the Year 1610 he advertiſed in the 
Letters of this Sentence tranſpoſed : Altiſſimum Plan- 
tam tergeminum obſervavi ; i. e. I have obſerved Saturn 
to have three Bodies. 

2. This odd Phænomenon perplexed the Aſtronomers 
very much, and various Hypotheſes were formed to re- 
ſolve it ; all which ſeemed trifling to the happy Huge- 
nius, who applied himſelf purpoſely to improve the 
Grinding of Glaſſes, and perfecting long Teleſcopes, 
to arrive at a more accurate Notion of this Planet and 
its Appendage. Accordingly in the Year 16 55 he con- 
ſtructed a Teleſcope of 12 — and viewing Saturn 
divers times, he diſcovered ſomething like a Ring en- 
compaſſing 
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TagsE are the conſtituent Parts of 
the Solar Syſtem, which is now received 
* and 


compaſſing his Body; which afterwards with a Tube 
of 23 Feet he obſerved more diſtinctly, and alſo diſ- 
covered a Satellite revolving about, that Planet. "This 
Hugenian Satellite is the fourth in Order from Saturn, 

3. In the Year 1671 Caſſini diſcovered the third and 
fifth, and in the Year 1686 he bit upon the firſt and 
ſecond, with Tubes of 100 and 136 Feet; but could 
afterwards fee all five with a Tube of 34 Feet. He 
called theſe Satellites Sidera Lodorcea, in Honour of Lens 
k Grand, in whoſe Reign and Obſervatory they were 
firſt diſcov ere. 80 J | 

4. In the Year 1656 Hugens publiſhed his Diſcovery 
in relation to Saturn's Ring in the Letters of this Sen- 
tence tranſpoſed, wiz. Annulo cingitur tenui, plano, nuſ- 
quam cohærente, ad Eclipticam inclinata; that is, Sa- 
turn is encompaſſed by a thin Plane or Rang, ' no where co- 
b ring to bis Body, and mclined to the Plane of the Eclip- 
tic. This Inclination of the Ring to the Ecliptic is de- 
termined to be about 31 Degrees by Hugens, Roemer, 
Picard, Campani, &c. though by a Method not very 
definitive, oy | ** 

5. However, ſince the Plane of the Ring is inclined 
to the Plane of the Earth's Motion, it is evident when 
Saturn is ſo ſituated that the Plane of his Ring paſſes 
through the Earth, we can then ſee nothing of it; nor 
yet can we ſee it when the Plane paſſes between the 
Sun and the Earth, the dark Side being then turned to 
us, and only a dark Liſt appears upon the Planet, which 
is probably the Shadow of the Ring. In other Situa- 


tions the Ring will appear elliptical more or leſs; when 


it is moſt ſo, the Heavens appear through the elliptic 
Space on each Side Saturn (which are called the Anſe) ; 
pea, a Fixed Star was once obſerved by Dr. Clarke's 
ather in one of them, 
6. The Nodes of the Ring are in 199 45” of Firgo 
and Piſces. During Saturn's H 
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and apptoved as the only true ;Syfen 
of the World, for the nn Re 
NN II). 


i 19" 45 5' to the opp#ſite Node, the 3 


ern Plane of the Ring, and viciſſim. 
7. Since Saturn deſcribes about one 
Month, the Ning will be viſible through a good Tek 
fcope till within about 1 r5 or 20 Days before and * 
the Planet is in the 197 45 of Virgo or * ot 
Time therefore may . found by an * 


_ which Saturn ſeen 2 the Earth ſtrall be in thoſe Poi 


of the Ecliptic ; and likewiſe when he will be ſeen from 
the Earth in 19" 45 of Gemini ald Sagftturius, when 


the Ring will be moſt open, and | in the beſt Po tion to 


be viewed. 

8. There have been ſome Gmund to conjeRtare thi 
Saturn's Ring turns round an Axis, but that is not jet 
demonſtrable. This wonderful Ring in ſome Situa- 
— does alſo appear double; for Cini in the Year 

5 obſerved it to be biſected quite round by a dark 


ella Line, dividing it as it were into two Ri 


of which-the inner one appeared brighter than the outer. 
This was oftentimes obſerved afterwards with Tubes of 
4 and 20 Feet, and more evidently in the Twilight of 
Moon-Lig ht than in a darker Sky. See Phil. Tran/ 
abridged, Vol. H. e * | i - - RY 
(CXXXVIII) I. The fagacious Kepler was the fir 
who diſcovered this great Law of Nature in all the Pri- 
mary Planets, and afterwards the Aſtronomers obſeryed 
that the Secondaries did likewiſe regulate their Motions 
by the ſame Law. I have already exhibited the Mathe. 
matical Theory thereof in Arnot. XXXIV. 11, and 
given an Example in the Earth and Venuf. And thit 
the ſame Law holds in the Syſtem of Jp upiter” s and 
Saturn's Moons, will appear from the lowing In- 


| ances, 


2. The firſt of Tupiter's Moons is at the Diftance 


of 23 of Jupiter's Diameters from his Centre, * re- 
| volyes 
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| 1g ht wile M agontoltt zl ad - 
I. IT is moſt ſimple, and agreeable to 
the Tenor of Nature in all her Actions; 
volves in. 42 Hours. The outermoſt deſcribes its Orbit 
in 402 Hours; therefore ſay, As 1764 (the Square of 
42) is to 161604, (the Square of 402) ſo is 2.8 


(the Cube of 23) to nearly — the Cube of 7 
or 12;, the Diſtance of the fourth Satellite; which an- 
ſwers to Obſervationsgsgs 

3. Or thus analytically by Logarithms, Let L = Lo- 
garithm of the Period of the firſt Satellite, L = Loga- 
rithm of any other Satellite's Period, and D and d the 
Logarithms of their Diſtances; then will it be 2 L: 
21:: 3 D: 34, and therefore 2 L＋ 34 = 21 ＋ 3D; 
whence we have d = D +31/—3L. For Example; in 
the firſt and ſecond Satellites of Jupiter, Caſſini obſerved 
the Diſtance of the firſt in Semidiameters of Jupiter 
to be 5', whoſe Logarithm is 0,753353. The Pe- 
riods of thoſe Satellites give 1 2, 32459, and L = 
2,122851; from whence we. get 4 = 0,95509, the 
Number correſponding to which is 9,07, the Diſtance 
of the ſecond Satellite, agreeing wonderfully with Ob- 
ſervation. 

4. Now ſince the Moon turns round the Earth, if 
the Sun did likewiſe perform his Circuit about it, their 
Motions would undoubtedly be regulated by the ſame 
Law with all the reſt. But the Period of the Moon is 
27 Days, that of the Sun 365; the Diſtance of the 


Moon 60 Semidiameters of the Earth ; therefore ſay, 


As 729 (the Square of 27) is to 133225 (the Square 
of 3553) ſo is 216000 (the Cube of 60) to 39460356, 
the Cube Root whereof is 340, Which ought to expreſs 
the Sun's Diſtance in Semidiameters of the Earth. But 
we have ſhewn the Sun is really diſtant from the Earth 
near 20000, (ſee Annot, CXXXIV. 18.) 

5. Admitting the Sun to be at the Diſtance of 20000 
Semidiameters, his Periedical Time would then be more 

Vor. III. K | than 


£26 
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by Rule 1. 
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for by the Motions, of the Earth. zl. ile 
Phenomena of the Heavens are reſolved, 
which by other Hypotheſes are inexplicable 
without a great Number of other Mo- 
tions, contrary to philoſophical Reaſoning 


|. «+4154, ONNER 
than 450 Years, if. its Motion were governed by 5 0 
lr's Law, and ccupared-with thas is tha Moon; 
as 216000 ( = 603?) is to BooooQ006060d (= 200003) 
fo is 729 (2277) to a Number, the Square Root of 
which is 164320 Days = 450 Years nearly, which is 
the Periodical Time of the Sun's Revolution at that 
Diſtance, and moving according to the Univerſal Law; 
6. This beautiful and harmonious Syſtem, or Frame 
of the World, ſufficiently recommends itſelf from the 
Principles of right Reaſon only; ſuppoſing there were no 
ſuch Thing as. abſolute Demonſtration attainable in the 
Cafe. It is therefore very ſurprizing, to obſerve, how 
few. among thoſe who are not Mathematically .learned, 
can be induced to believe, and acquieſce in this Doctrine 
of the Earth's Motion, and Stability of the Sun. C 
pernicus, above 200 Years ago, mentions the zealous 
Father La#antius, as ridiculing thoſe who aſſerted the 
Spherical Figure of the Earth. Therefore, ſays he, it is 
not to be wondered at if ſuch Sort of People ſhould ridicule 
Us. And whatever the Popes may have. fince decreed, 
tis certain, this Doctrine was ſo far from being then 
reputed heretical and damnable, that this great Man 


dedicated his Book to Pope Paul III. becauſe by his 


Holineſs, Authority, and Learning, he might be ſecured 
againft the Calumnies of ignorant Gainſayers; yea, and 
appealed to his Holineſs at the ſame Time for the Uſe- 
fulneſs of his Doctrine even to the Eccleſiaſtical Ne- 
publick. His Words are, Matbemata Mathematicis 


* 


ſeribuntur, quibus & hi naſiri Labores, fi me non. fallt 


opinia, videbuntur etiam Reipublice Ecclefiaſtice conduggre 
aliguid, cijus Principatum tua Sanctitus nunc tenet. 
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fl. Ir is more rational to ſuppoſe the 
Earth moves about the Sun, thun that the 
huge Bodies of the Planets, the ſtupendous 
Body of the Sun, and the immenſe Fir- 
mament of Stars, ſhould all move round 
the inconſiderable Body of the Earth every 
twenty-four Hours. 

III. Tyz Earth moving round the Sun 
is agreeable to that general Harmony, and 
univerſal Law, which all other moving 
Bodies of the Syſtem obſerve, viz. That 
the Squares of the periodical Times are as the 
Cubes of the Diftences + But if the dun move 


about the Earth, that Law 18 deſtroyed, 


and- the general Order and Symmetry of 
Nature interrupted ; fince according to 
that Law the Sun would be ſo far from 
revolving about the Earth in 365 Days, 
that it would require no leſs than 5196 
Years to accompliſh one Revolution. 

IV. AGaiN: Did the Sun obſerve the 
univerſal Law, and yet revolye in 365 
Days, his Diftance ought not to be above 
310 Semidiameters of the Earth; whereas 
it is eaſy to prove it is really above 20000 
Semidiameters diſtant from us. 

V. THE Sun is the Fountain of Light 
and Heat, which it irradiates through all 
the Syſtem; - and therefore it ought to be 


K 2 placed 
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£42. 


ſcorched with Heat when neareſt the Sun, 


ASTRONOMY. 


placed in the Centres that ſo all the Pla- 
nets may at all times have it in an uniform 
and equable Manner: orr. 
VI. Ir the Earth be in the Centre, 0 
the Sun and Planets revolve about it, the 
Planets would then, like the Comets, be 


and frozen with Cold in their Apbelia, or 
grenteſt Diſtance; which is not to wy hp 
poſed. 

VII. Ir me Sun be placed in the duet 
of the Syſtem, we have then the rational 
Hypotheſis of the Planets being all moved 
about the Sun by the univerſal Law or 
Power of Gravity ariſing from his vaſt 
Body; and every Thing will anſwer to the 
Laws of circular Motion, and centra 
Forces: But otherwiſe we are wholly in 
the dark, and know nothing of the Lam 
and Operations of Nature. 

VIII. Bur happily we are able to give 
not only Reaſon, but demonſtrative Progfs, 
that the Sun does poſſeſs the Centre of the 
Syſtem, and that the Planets move about 
it at the Diſtance and in the Order above 
aſſigned : The irt of which is, That Mer- 
cury and Venus are ever obſerved to have 
two Conjunttions with the Sun, but no Op- 
n, ; which could not happen, unleſs 
the 
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the Orbits of thoſe Plaricts lay within" the 
Orbit of the Earth (C XXXIX). 
ad IX. Tux 


; (CXXXTX) 1. What relates to the Conjuntions | 
and Oppoſitions of the Planets will be eaſily underftood Pl. LV. 
by a Diagram, Let S be the Sun, T the Earth, V | 
Yeats, 309 Vf Mercury, fy Gerd Orbics: Nom 
tis evident that When Venut and Mercury are at V an 
M, they will, be ſeen from the Earth in the ſame 
Part of the Heavens with the Sun, viz” at W, becauſe 
they are all poſited in one Right Line T W; and this 
is called the Lowty or a in Conjunction. en 
2. Again: When Venut and Mercury cothe to the 
Situations D and O, they are" again in the ſarte Right 
Line joining the Centres of the Earth and Sun, and are 
therefore again ſeen in the fame Part of the Heavens 
with him; and this is called the Upper or Superior Con- 
junction. Here *tis evident, thoſe two Planets muſt ap- 
pear twice in Conjunction with the Sun in each Revo- 
lution, to a Spectator on the Earth at T, which e at 
preſent will ſuppoſe, to be at Reſt; © t. 
Hence we have an infallible Probf that the Orbits 
of {ak and Mertury lie both within the Orbit of the 
Earth. , Alſo the Orbits of Mars, Fupiter, and Saturn 
muſt lie without the Orbit of the Earth; for otherwiſe 
they could not exhibit the Appearahce they do of al- 
ternate Conjunctions and Oppoſitions. ' Thus let Mars 
be in his Orbit at V, tis evident when the Earth is at 
T. that Planet will be feen in Conjunction with the 
= and will be then at its greateſt Diſtance from the 
arth, | : f 3 
4+ But when the Earth is ät f between the Sun and 
Mars, tis plain they muſt appear in oppoſite Parts of 
the Heavens, becauſe a Perſon at t viewing the Sun at 
d muſt look directly to the contrary Part to view the 
Planet at Y; and in this Oppoſition to the Sun Mars 
in neareſt to the Earth: All-which is ſo evident from 
the Scheme, and ſo exactly agreeable to the Phænomena 
of thoſe Planets in the Heavens, that any Perſon muſt be 
ſtrangely obſtinate, and incapable of any Sort of Con- 
| K 3 viction, 
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IX. Tax. ſetond is; That Mars, Jupiter, 
and Saturn, hive each their Colguntten 


and 


la ho cannot ſee 1 Conſtitution of Nature, 
and the Dilpoſition of the Orbits, are ſuch a 
are above deſcribed. 

5.; But far! ner ; If we divide ths Diſtance of the 
Each from the Sun, vi. the = into a hundred 
or a ound <q eg ual P arts pine place the 275 of V. 
nus and at the, Di * & — 74g. and 

M = 3 . avd.chbn dr aw, I A, I. ; to touch thak 
rbits in the Points A and N; then tis plaig 
ATS and RTS will meaſure the ane 
which either of { hab Planets can be feen from the 2 
cauſe the vi ſual ay affing to the 5 in 
art of its Orbit will nearer to the Pm Od 
ans hey fore er ie! Mager ener d bun Mag he 
at A or 
6. Nen tis found, by meaſuring thoſe / les geo. 
etrically in the Piagram, that the e 884 
Be rees, and R ate fa! and this 
exactly with their obſerved great Bikanees or 
tion from the Sun in the Heavens. Hence it js jth 
=— is ſo rarely ſeen, wn Venus but at certain 
of the Lear; wheteas if the Earth re t reſt, and ig 
the Centre of the Planetary Orbits, thoſe lanets. would 
be ſeen in all 1 4 ind Diſtances from the Sun, i in 
2 reſpect like the Moon; and therefore tit per 
furprizing, how any Man can re a uch glaring 
Evid nce of Truth e on one hand, and F bool on the 


other. 
We have already ſhewn, that the apparent May: 

1 and Peighrnel. of an Object pur as the 
| Ak Diſtante Yin thts ; therefore the Mag itude of 
Venus ſeen at V is to that as it appears hem B 6th 
proportion of TB to F V., that is, as 1724. to on 
or as 36 to 1 nearly, And hen Venus is meaſured in 
both thoſe Diſtances with a Micrometer in a Teleſeope 
the Numbers ſhew the perfect Agreement of this Syſten 
with Nature itſelf. 
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* get apparent Magn bitch . 
his A by to > cat when 55 phe Me 


TY! to f 3 that iv a, 2627 19-523 or very 
1 as 25 ü 1. And thi we K is true in Fact, by 
dag the Plaes ae hoſe Diſtances, Jes He 
witeobvious to common iſe ; y Mari in his neateſt = 
Diſtance a ſo large that he has been often mif- 
taken for Jupiter, whereas in his grpateſt er he 
appears ſo ſmall as ſcarcely, ta, be, iſtingui A 
Fixed Star., | 
9. From what has been faid of 8 
Moon, tis eaſy to undexſtand that Venus and Mercury 
* have ee the Appearances,. Thus — 
Vans is at lumined Hemiſphere: will be 
turned di ene e and ſhe will then be Nerd. 
As ſhe Nele At 
A ſhe will ſhew jul half her enlightened APO to the 
Earth, ang appear l feed, or diobetamiſed. From A 40 
D he will why more and — 1 and at D 
would ap ul] enlightned Hemiſphere, were it 
not thn” Bio: is then loft in the Sun's Blaue, bx hid be- 
hind his Body: All which Phaſes return again in the 
other half of the Orbit. The ſme Thing is obvious 
in Mercury, and Mars ſhews Part of th&ſ Phaſes ; but 
Jupiter ani Situfh appear uWays With & F all face, by 
reaſon of their very great Diſtance, © 
10. The Appeararice of Veni in the Daytime for 
ſeveral D Pp. Kale in ſome certain Years. put the 
— nr hinge the following Problem, 
viz, To find * Situation of Venus in xeſpett of the Hartb, 


2 the Area Ar il umi nated Part of her Diſt 15.4 


Maximum. the Solution he * 
propoſed it it 15 Philo pe Tranſaftions, Ks. 


and alſo the Demonſtration, which the Doctor an. 

11. In order to this, Tet $ be the Sun, V the Planet 
Venus in the Sltuatiön fequired, T the Earth, and T V 
her Diſtance ſought, Put TS=a, 8 V * T Vazs; 


K 4 and 


126 


x 975% | | g 
z; therefore, as 4 K: ＋ 21 ＋π =: 


A 8 T., RON OM x. 


* 


their Orbits were exterior to the Orbit of 


the Earth,. 
Ar 


X. Ix 
and on the Point V with the Radius V IT deſoribe the 
Quadrant TA; from T let fall the Perpendicular TR, 
and put BV d; then ABS - Adu, the Verſe 
Sine of the Angle TVA. Now (by Euclid II. 12.) 
we have @* =ib* + x*+ 2 5 d, whence a — 2bd=P 
+ x*; and by adding 2 5 x on each Side, a* + 255 
2bd=bB +2bx+x*; that is, a + 2 bv =þ*+ 
2bx+xx=7, Thenr —a*=2bv=5s; and mul. 
tiplying by 2 x we have 45xv =2 x5, ' whence 4bx: 
1: 2 : o; that is, 4: b* + 2bxÞ xx =; 
2 TV: AB:: the Diameter of a Circle to the Vetfed 


L 


Sine of the exterior Angle TVA. 
12. But in any Situation B of the Planet Venus the 


Arch of Illumination a F is equal to the Arch 54, 


which meaſures the exterior Angle h B d. And it has 
been ſhewn, that the Area of the u hole Diſt of the Planet 
is to the Area of the enlightened Part as the Diameter 
a Circle to the erſed Sine of the Arch of Illumination, 
and therefore as 4 b'x to h 4:2 b x + x*— a,” 1 
13. But the Area of the whole Diſk is every where 25 
x x XX 
2 7 _ 
r — 8 2 , Which in all Caſes will be pro- 
portioned to the enlightened Area of the Diſk. And 
to determine this a Maximum, its Fluxion muſt be = 6, 
or the negative Parts thereaf be equal to the affirma- 


tive, that is, that 20K 4+ 2xxX4bx"= 126 X 


b*+2bx+xx—a*; and dividing all by 4 b * x, the 
Equation becomes 2 bx + 2K = 36b* +6bx Þ 3z#x 
— 34%, Conſequently 36b AU Þ xx = 3449; 
whence we get x=4/ Zaa+bb— 2b = 427. 

14. If therefore we take 427 from the Scale of equal 
Parts S T, and ſet from T to the Orbit of Venus, it will 
interſe it in the Point x; and drawing T x, it will 905 
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gation or Diſtance; of Mercury from the Sun 
18 


the Angle x TS 40 Degrees nearly; which ſhews 
that when Venus is 40 Degrees diſtant from the Sun, 
before and after her Inferior Conjunttion with him, {he 
then ſhines with the greateſt Luſtre poſſible. e 
15. In this Poſition we ſee not much more than 4 of 
her Diſk enlightened, ; and yet ſhe ſhines with ſo great 
a Luſtre as to ſurpaſs, the united Light of all the Fixed 
Stars that appear with her, and caſts a very ſtrong Shade 
on the horizontal Plane, and may be ſcen in the full 
Sun-ſhine of the Day ; a Phænomenon very extraordi- 
nary, and which returns but once in eight Years. . 
16. The different Directions in which the Planets 
appear to move in the Heavens is an irrefragable Argu- 
ment of the Truth of the Solar Syſtem; for in the Pro- 
lomean S ſtem they would be ſeen to move with their 
true or real Motion, and. in their Direction according 
to the Order of the Signs from Weſt to Eaſt, in every 
Part of their Orbits, and that always in an equable 
Manner ; whereas now we- obſerve them move ſome- 
times from JYeft to Eaft, when they are ſaid to be direct 
in Motion; ſometimes from Eaſt, to Wet, when they 
are ſaid to be retragrade,, of to go backwards; and ſome- 
times they appear not to move all for a certain Time, 


e 


than when it is 756 e's "REFS "> 5 

17. Now all theſe Phænomena are not only expli- 
cable by, but neceſſarily follow from, the Copernican 
Theory, Thus with reſpect to, the Planet Mercury, 
when at R, he will appear at his greateſt Diſtance from 
the Sun among the denn at Q, being ſcen in the Line 
TQ; but as the Planet, paſſes from R by N to O, the 


viſual Line T Qwill continually approach the Line TW, 


in which the Sun appears at W; and when the Planet 


is come to D it will be in Conjunction with the Sun, 
and will have apparently deſcribed the Arch Q W in 


the Heayens, After this, while the Planet — 
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is but about 20 Degrees, and that of 7. 
ut but about 47; which anſwers 'cxadtly 
to 
O to Z, it will appear to go in the Heavens from W 
to X, ſtill the ſame Way as before; and becauſe th 
apparent Motion agrees with the true, it is all this while 
direct. | vs 


18. But when the Planet roves ft Z to My th Me 
Ray T X will return, and deftribe the Arch X W back in 
again ; and as the Planet moves from M to R, the vi- BI par 


fual Ray will keep moving on from W 6 Q; and ſo in 
the Paſſage of the Planet through the Part of its Orbit 
Z MR it will appear to move'in the Heavens through 
XW, the fame Arch as before, but in a retrigrade 
Direction. r | 
19. Now becauſe the Tangent Line or viſual N 
T Cor T X coineides as to Senſe wich the wy of the 
Planet for a finall Diſtance on each Side the Points 
and Z, as from à to Bh, and from t to 4; therefore the 
Planet when it arrives at à will ps to move in the 
Tangent from 4 to b, during which Time it will be feen 
in the fame Right Line T and conſequently in the 
fame Point Qin the Heavefis : So that in its. Motion 
from à to ù̊ it muſt appear /atiotary, or without any Mo- 
tion; and the fame is to be obferved in moving from 
c to d, when the Planet is in that Part 6f its Orbit.” 
20, Hence we obſerve, that ih Mercury and Friis, 
the Places R, Z, and A, G, of their preateſt Elongs. 
tion are thoſe in which they are fationury. It is n 
theſe two Points that we can at any Fime ſee ; 
and it is in thoſe Points that we fee Pehtus ſuch 4 gloti- 
ous Morning-Star or Pheſphorus at A, and fuch a ſplen- 
did Evening-Star or Heſperus at G. Hence we bbſerve, 
that from the Time Venur id a Morning-Star in het 
preateſt Elongation at A, tv the Time of her being an 
vening Star in her greateſt Elongation at G, ſhe is K. 
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rect in Motion: 1 uf the Time of het 
being a Morning or Evening- Star the is 4ir4, and the 
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to their Diſtanees in the Sytem above 
aſlgn'd ; Bet in the Prolemean Syſtem, ey 


21. Alſo it is eaſy to obſerve, that ſince the ſame 
Arch Q is deſeribed in Times very unequal, vis. in 
the Times the _—_ Parts 
of its Orbits RO Z and Z MR, the Velocity of the 
Motion in the former Cafe muſt be mugh lefs than that 
in the latter; that is, the Planet when dire moves ap- 
parently mueh flower than when it is retrograde. | 

22. If we eonfider the Diſpeſitions of the Orbits of 
the ſuperior Planets, we ſhall obferve the ſame Phæno- 
mena of them alſo. Let $-be'the-Sun, ACH the Earth's 
ment of Stars. Through Mears at M draw AMG 
and OMC, to touch the Earth's Orbit in G and C. 
Then becauſe the Earth and Mars do both move the 
ſame Way, but the Earth very quick in reſpect of Ars, 
all the Phæenomena will be the very ſame if we ft 
Mars to be at reſt, and the Earth to move with the Dif- 
ference of their Velocities. 104 Ar 

23. Let Mars then be at Reſt in M, and the Earth 
begin her Motion from G. At G the Planet will be 
feen in — among the Stars at Q, When 
the Earth is at H, Mars Hilf be ſeen in the Line HP, 
among the. Stars at P. In the faine manner at A, B, 
and C, whe obey to the Points Ls, 
N, O, in che Heavens. Therefore While the Earth 
deſcribes the Part of its Orbit G AC, Mars will appear 
to move through the Arch of the Heavens QL O; 
which being from Weſt to Eaſt is according to the 
—— of the Signs, and the Planet will be direct in 

11%. | 

24. But as the Earth proceeds from C to D, Afdrs 
will appear to move from O to N; and as the Earth 
goes on through E, F, to G, Mars will appear to re- 
turn by L, P, to Q, and fo meaſure back again the 
fame Arch as before: And thus during the Earth's Paſ- 
ſage from C to G, this Planet will appear retrograde ; 


which therefore muſt always be the Caſe when he is in 
3 Oppolition 
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might and woultl ſometimes be ſeen 180 
Degrees from the Sun, viz. in Oppoſition 


to him. 


| | 5 XI. FoURTHLYy, 
tt 2009 ood 260 ar ale oY r 75 HA 4.200 
Oppoſition to the Sun and neareſt to the Earth, as in 
Conjunction he is always dire# in Mbrion; and whih 
the Earth is in G or C, the Planet muſt appear for ſoche 
Time fiationary, for the Reaſons mentioned in Ar, ig. 
The ſame may be'ſhewn of Jupiter and Saturns but 
the Earth has a "much'preater relative Velocity in re. 
ſpect to Jupiter than it has with reſpect to Mars the 
Times of the Corfinidtions' and 8 as alſo of the 
progreſſive and Yogrifſive” Moriont,; will be more frequent 
in Juß iter than in Mars, and for the ſame Reaſot wil 
happen oftener in Saturn than in Jupiter.. 
25. Again: Another Phænomenon, which infall 
proves the Truth of the Copernican Syſtem, is, "that 
Venus and Adercury ſuffer an Occultation behind the 
$un's Diſk, when they are in the remoteſt Parts of 
their Orbits, as at D and O; but this can never happen 
in the Ptolomean Hypotheſis, becauſe there the Orbit of 
the Sun is ſuppoſed exterior to the Orbits of thoſe emo 


- Planets, W 


26. All theſe Phænomena of the Planets plainly prove, 
that the Earth holds that Place in the Heavens which 
the preſent Philoſophy aſſigns her; but to'ſhew mores 
over that ſhe has not only a Place among the Planets, 
but likewiſe that ſhe is carried in the ſame Manner 
with them about the Sun, we need only obſerve, that 
the Times in which theſe Phznomena happen to the 
Planets are no ways ſuch as they would be were the 
Earth at Reſt, but ſuch as they muſt neceſſarily be ſups. 
poſing the Earth's Period about the Sun to be in 3654 
Days. 2 | 
27. For Example: Suppoſe Venus at any Time in 
Conjunction with the Sun at V, then were the Earth at 


Reſt at T, that very Conjunction would happen again 
when Venus had made juſt one Revolution, that is, in 
225 Days; but every one knows this is contrary to 
Experience, ſor a much longer Time than that lapſes 


between 
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XI. FouRTHUU, dn this Difpoktion: of 
the Planets they will all of them be ſomes 
times much nearer to the Earth than at 
others; the Conſequence of which is, that 
their Brightneſs and Splendor, and alſo their 
apparent Diameters, will be proportionally 
greater at one Time than another: And 
this we obſerve to be true every Day. Thus 

| the 


between two Conjunctions of the ſame K ind; as there 
evidently muſt, if we ſuppoſe the Earth to have a Mo- 
tion towards the ſame Parts in the ſame Time; becauſe 
then, 'tis plain, wuen Venus comes again to V, the 
Earth will have paſſed in that Time from T to ſome 


other Part of the Orbit, and from this keeps moving 


on till Venus gets again between it and the Sun. 

28. What this Surplus of Time is, may be eaſily 
eſtimated, by ſuppoſing the Earth to be at Reſt in her 
Orbit, and Venus to move with the Difference of their 
mean Motions. Thus the daily mean Motion of the 
Earth is 59 8“, and the daily mean Motion of Venus 
is 15 36' B7, The Difference of theſe mean Motions 
is 37 ; therefore ſay, As 37“ is to the whole Circle or 
360* = 21600, ſo is 1 Day to 583 Days, the Time 
between two Conjunctions as required, viz. 1 Year 
and 218 Days, in which Time Venus performs a little 
more than 2+ Revolutions. In the ſame Manner the 
Time may be found for any of the other Planetary 
Conjunctions, Oppoſitions, Stations, Retrogreſſions, &c. 

27. Theſe Arguments are plain, and eaſy to be un- 
derſtood; moſt of them require no more than com- 
mon Obſervation, that is, in other Words, common 
Lenſe. To be ignorant of the Truths here ſpecified, 
is to ſhew an unac:ountable Inattention to the moſt 
obvious and glaring Phznomena of Nature: And if 
People are not convinced by theſe Proofs, it is not 
becauſe they cannot, but becauſe they vill net; and 
therefore, Si Populus vult decipi, decipiatur. | 
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' the apparent Diameter of Venus when gteat- 


Mars, when greateſt, it is 21 Minutes, but 


Full; and ſo - increaſes and decreaſes her 


As T & 0 N GMT. | 


eſt, is near 66 Minutes, but when: leaf 
not more than 9 Minutes and a half; of 


when leaſt no more than 2 Minutes and 4 
half; whereas by the Pzolomean Hypothelig 
they ought always to be equal, © 
XII. THE nb is, That when the Plarit 
are viewed with a good Teleſcope they ap- 
pear with different Phaſes, or with different 
Parts of their Bodies enlightened. - Thus 
Venus is ſometimes new, then horned, after 
that dichotomiſed, then gibbaus, afterwards 


Light, in the ſame manner as the Moon, 
and as the Copernican Syſtem requires. 

XIII. THe th is, That the Planets, al 
of them, do ſometimes appear diraſt in 
Motion, ſometimes retrograde, and at'other 
times ſtationary. Thus Venus, as ſhe paſſes 
from her greateſt Elongation Weſtward'to 
her greateſt Elongation Eaſtward, will ap- 
pear direct in Motion, but 'retrograde as-the 
paſſes from the latter to the former; and 
when . ſhe is in thoſe Points of greatalt 
Diftance from the Sun, ſhe ſeems for ſome 
time /fatronary : All which is neceſſary up- 
on the Copernican Hypot beſis, but c 
happen in any other. 
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XV. Tn. fventh ig, That the Bodies of 
Mercury and Yexas, in their lower Con- 
junctions with the Sun, are bid behind the 
Sun's Body; and, in the upper Conjusc- 
tions, are {een to paſs over the Sun's 
or Diſk in form of a black round Spot : 
Which is neceffary in the Copernican, but 
impoſhble in the Ptolomeax Syſtem. 

XV. Tae eighth is, That the Times in 
which theſe Coſunctians, Oppoſitions, Statians, 


and Retrogradations of the Planets happen, 
are not ſuch as they would be, were the 


Earth at reſt in its Orbit; but preciſely 
ſuch as would happen, were the Earth to 
move, and all the Planets in the Periods 
above aſſigned them: And #hergfore this, 
and no other, can be the true Syſtem of the 
Warld; and it will ſtand the eternal Teſt 
of future Ages, for, MiGHTY 1s THE 
FoRCE of TRUTH, AND SHALL PREVAIL, 
BuT though the Planets all move round 
the Sun in Orbits commonly ſuppoſed cir- 
cular, yet are they not exactly ſo, but ellip- 
tical, or in form of an ELLIPSISs, which 
Figure is vulgarly called an Oval, as AB 
PD, defcribed about two Centres 8, F, 
called the Foci, or Focal Points of the El- 
lipſe. The Point C is the Centre; AP 
the Axis, or longeſt Diameter; ; and BD 
the 
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Pl. LVI. 
Fig. 3: 


ASTRONOMY. 
the ſhorteſt Diameter: And in one of 
theſe Focus's; viz. 8, the Sun is placed, 
about which the Planet moves in the Orbit 
ABP D (CXC). „ane 
| | HEN, 


(CXL) 1. We have hitherto conſidered the Phæno- 
mena of the Heavenly Bodies without regard to the ac- 
curate Form of their Orbits, which is not circular, but 
elliptical ; yet that it is very little ſo, even in the moſt 
eccentric Orbit, 2s that of Mercury, . will appear by 
comparing their Eccentricities with their mean Dif. 
tances from the Sun. Thus ſuppoſe the mean Dif. 
tance of the Earth from the Sun be divided into 1000 
equal Parts, then in thoſe Parts we have, 


In Mercury, CS: DS:: 80: 387::1: 48 


Ven,  *CS:DS::' 3: 723 2:1 he 
Earth, C8: DS:: 17: 1900 : 1: 59 
Mars, CS:DS 


I 

I 

. 4 
:: 141: 1524 :: 1: 10,8 

Jupiter, CS: DS:: 250: 5201 :: 1: 20,8 
Saturn, CS: DS:: 547: 9538 :: 1: 1% 


2. It is found by Experience that the Orbits of the 
Planets are quieſcent, or that the Line of the Ade 
AP always keeps one and the ſame Poſition with re- 
ſpe to the Fixed Stars: And the Aphelium, or Point 
A, poſſeſles different Points in the Ecliptic in the ſeye- 
ral Orbits as follows. | 


_— + | o * 
In Mercury, ft 12 44 oo In Mars, M o 31 $4 


Venus, = 4 19 54 Jupiter, & 9 9 54 
Earth, ur 8 1 10 Saturn, + 27 49 5 


3. That the Earth's Orbit is elliptical is well known 
from common Experience ; for were the Orbit circular, 
the Sun's apparent Diameter would always be the ſame; 
but we find it is not, for if it be meaſured with a Mi- 
crometer in Winter-time, it will be found conſiderably 
larger than in the Summer, and it will be greateſt of 
all when the Sun is in the 8 of , (which ſhews that 

i 


„ K . ww uy Bo He YyHY 6 & = © mo of ww” 


Lo 


1 


| whereas When the Sun ib in 


A8 41616 4. 
Hence, when the Phitier is in the Point 
P, it is wire the San; which Pet is, 


vel 
gn 


\ att TY 


is but 


mer; but this freems a Paradox to many, Who thittk 
the Sun mut fieeds be hotteſt When it 18 neateſt to ub, 
2 y more diftant from us it 
December than in to the Sun's bein n 


is re e ol thoſe Plbos hich rein Wt 


Rays directly or perperidieu ag we figd his 
abated oh — of mf ty of the Rays, und 
his ſhort Continuanee above e at chen oh 


And as to his Diſtanee, it is 1 with 1 
Zenith of the Place; not the Cenrfe vf the E 
it is pluin, che Buh he Gi if hs 
Earth, at the fame Time that it 'recedes from the Ze- 
hith of any Place; 

5. Agreeable ti the Sam's tiduter DMatice iti tb 


Winter, Wwe'obſerve His apparent Motion is then quitker - 


than in Sammer; fof in the 8* of ſt is about 17 
Day, but in the $* ef © his Motion is but 75 
Day. Accordingly we find the Summer Fatf-Year B 
Days longer chan the Winter Half=Year; a appears by 
the following Computation, 

Sunnts A Indludes Warren Jer Dog . 


In Aare "OO" ay ma] 6 Days. 


April 30 31 
A — 3 

1 3t * 25 

f 35 Pebruaty 8 
Sep 4 March 21}. 
Sammer-Her 1860 86 5 7787 
Winter-Half f 121 75 


The Difference J! Days, 


Vor. III. L. 6. For 


78 
nee it is bent Wir the Sun is ety ere 
bs to in dhe MURINE of WilhGer than in the Nth of Sum- 


+44 


PI.LVI.. 


Fig. 4. 


re 
_ fo that Be == AB, as is manifeſt from the en Law of 


Planet moves through the Periphery of its Orbit be di- 


ASERQNOM Y. 


for that Reaſon called the Peribelian e Here, 
therefore, , the Attraction of the Sun i 


50 ſtrongeſt, 


1 
portional to the Times. That is, if when the Planet 
moves ſloweſt it deſcribes the Arch A a in a given Time, 
and when it moves quickeſt it deſcribes the Arch h in 
the ſame Time, then will the trilineal Area AS a be 
equal to the other trilineal Area b 1 5 
8. To demonſtrate this, let the Time in 


which the 
vided into equal Parts, and ſuppoſe that in the firſt Part 
it defcribed any Right Line AB, by the, Projechile 
Force in any Direction and the Centripetal Force con- 
jointly; then in the ſecond Part of Time it would pro- 
ceed in the ſame Right Line to c, if nothing prevented; 


Motion. | 


9. Draw the Right Lines SB, Sc, and the Tri- 
angles ABS and BcS will be equal, as having equal 
Baſes AB, Bc, and the ſame Altitude of 8 
S. But when the Body comes to B, let the ceatripetal 
Force act with a new Impulſe either equal to the for- 
mer or unequal, and let it cauſe the Body to decline from 
the Right Line Be, and deſcribe the Right Line B C; 
draw Cc parallel to BS, meeting BC in C; and * 


oo Te a 7 = © RV Fs Fa + 3 &@ —= wy 


P.M ET wo TT Wo T O0 


* 


8 


A 8 TRONOM V. 
trongeſt is Light and Heat greateſt, and 


his apparent Diameter largeſt; and in this 
wt . Point 


at C; and in the ſame Plane with the Triangle & S B. 
jon I and becauſe of the. Parallels 8 B, Ce the 

nangle 8 BO will be equal to- the Triangle 8 Bc, 
and therefore equal to the Triangle- S A B. By the 
ſame Way of Neaſoning, if the bentripetal Force act 
ſueceſſively in the Points C, D, E, cauſing the Body. in 
each equal Part of Time to deſeribe the Right Lines 
CD, DE, EF; Ge. the Triangles 8 CD, 8 DE, 
8 EF, Gt. will be equal, and all incthe fame Plane. 

10. Ih equal Fimes, therefore, equal Areas Art de- 
ſeribed; and by Compoſition of Ratios, any Sums f 
Areas 8A DS, SAFS, are to each other as the Tim es 
in which they are deſeri bid. Let now che Number: of 
Triangles be increafed, .and their Preadth be diminiſhed 
in infinitum ʒ then Will their Perimeter A D. F be ulti- 
mately 2 Curve And therefore. the centripetal Force, 
by which the Body is drawn 1 from the Pan- 
1 acts ineeſſantly; and the Areas de- 


cribed are alſo in thiꝭ Caſe: proportional to the Pimes 


of their Deſcription.  , 3 1 
11. Hence the Velocity of the revolving Body or 
Planet is every where inverſely as the Perpendicular 
let fall from the Centre 8 to the Tangent of the Orbit 
in the Place of the Planet. For the Velocities in the 
Points A, B, C, c, are as the Baſes of the Triangles 
AB, BC, CD, Ce. as being the, Spaces deſcribed in 
the ſame Time; and the Baſes of equal Triangles are 
reciprocally as their perpendicular Altitudes ; and there- 
fore ſince in the evaneſcent Triangles AS B, ASC, Oc. 
the Right Lines Ac, Bd, Ce, Cc. become Tangents to 


the Curve in the Points A, B, C, Cc. tis manifeſt the 


Velocity in thoſe Points will be inverſely as a Per- 


pendicular from 8 let fall upon thoſe Tangent Lines 


produced. my : 
12. Hente als it follows, that the Times in which 
equal Arches are deſcribed in any Planetary Orbit are 
- "I'D 2 directly 


— 
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A S FROGNO NT. 


Point dhe Planet tniaft vonlGquichtl}-mork 
* the greateſt e — — 


directiy ab e 
verſely as the Velotities. 175 1 
If two Chords of very ll — deſcribed 
22 Time AB, BC, and DR, EF, became 
— the Parallelograms ABC and FED 
and the Diagonials BY atid. E A de den x (thi wil 
thoſe: Lines tend: to the e 
eee 8 2 Maha 
and EE is cb mpOun dd of, and 
but BV-=C 4, and RA NÆ FE — Ay 4 
Far iy te imple of t k. u. 
d E, and are therefore rtional to them z-ant 
1 we BY and EZ. b 215 arts e 
14. Draw the Diagonal AC, und it will bitch ue 


— B Vin 33 quent y the 'Sagrttie B i tht 
Force by which the Ach ABC is Veſertbad 
whoſe Chord is A . od 243 Balth 


15. Hence if a Body. revolve in any Curie: gr, 
| zbenit'kn dmmoveatile:Contre'S; the F | 


; P wil be to that in any b n Point 4 Mg 


EIT for the Sarin QR, GH (which ol 

8, 5, are 9 the eee Forces (F, Sure 

when the 1 (T „t, ) are given, (by the lt) = 

E, 8: * F . ut when the Forces att 4tveb 

Fagitte will be as the Squares of the Times, TY irs 
. t. Therefore when neither the Times nor the 

Forces hn ſame, it will be S: 5: F X T FR 


and fo fr; = 2 F: . And becauſe the elliptic Arts 


$QP and 8. „ are as the Times in which they aro ge 
ſcribed, therefore when the Arches P 188. þ are in- 
definitely ſmalt, we haye T 7: x QT : 5 
Xgt::SPXQT:SpXgr. Camas ae hork 


ls a; = - INE” REN 
SPXUQT* $8 Xen 
Q WEN M 16. Let 


ASTRONOMY. 49 


pont A, where the Planet is furtheſt bf. 
tant fram the Sun, _ — 
the 


16. Let SY be Perpendicular let fall from B wpoa 
the Tangent PR n then will the conteipota | 


Force be 25 „ becauſe the Rectangle S* * 
rar Arch QP 
N with . ma Se 
an v ether © 8 15 . 1055 Li theres 
S r r W ch was to be 


ern, . ood iger 
17. If the Orbit were a. Cirele, as P QVF. 50 Pl. LVI. 


P V a Chord." dns: havogh the Gerere. of Fare 6 Fig. 6. 
then drawing the Chord in ſach Manner as it may 

be biſeRtel in in K by the ae PV, we have QK* = 

VEXPRE, e III. 35.) but.in th — * 
State of P K. it . P, and QR 

(by Art. 13.) alſe Q πτ . therefore U \aVP 


x QR, and P V= S* hence, in this Caſe, * 
central Force will be inverſely. as 8. Y. LIL 
18. Wherefore, ſince the Velocity is 12157 * have 


8 Vas the Square of the velocity inverſe £ therefore 
the centripetal Force is as the — of the Velocity 
directly, and the Chord P V inverſely. 

9. Hence if the curvilingar Figure AP Q be given, 
= any Point $ ta which the centrigetal Force is con- 
tinually directed, the Law of the centripe tal Force may 
be found, by which any Body F perpetually drawn from 
a agen lad Courſe 1 he detain'd in the Perimeter of 
that Figure, and * revo ving ſhall deſcribe.it, viz. by 


computing the Val ue of the Den N IT 


or of 8 ** * PV. 
20. For 9 : Lata Budy 647: iz the Cir. 
cumference of a Cirde, 'tis Meta: 14 oo ret the 


Fw? EE CEAURES E MAI RG EESN ASIA? EP? A 7? 3B & & 
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Pl. LVI. 


Fig. 6. 


the Aphelron) 3 is juſtithe reverſe: 


A $87 RO u A : 


And in the Points Bor D it is in its mean 


Diſtance from the Sun. 
ng petal Force a; to 7 give Pau 8, lar iPy 
nt in the Point P, and 8 Y; the P 


1, and 4 P the Chord paſſing through S. eV 
be.the Diameter of the Crete, and join 4 25 BY 
the Triangle S YP ſimilar, to the "he 


may be ſhewn from Eucl, III. Pup 


P'V::SP: 8Y; conſequent * ee 
SP: v. _ 4 


Fig. 7. 


eig Fores: oerl 25 5 — — auv⸗ i is- 
ove?” we have the ald Fe orce reeiprocall as io 


* opts 


| in : La ier ed to the Lind the 
2521 of Pers by. which- 75 ae, | 27 4. 


22 the equiangular Spiral P Q S about the Cuntre 8. 


In this Caſe all the Angles are given in trilineal 
Area S QP, 1 therefore alſo thẽ Ratio of f alf the 57 


in the Figure SP R QT; therefore the Ratio of * 


QT | 
is given, whence A* * qr is as QT; dat is, * 


cauſe of the given Ratio of QT to P 8) QT i- as: $P. 


And this Ratio will be conſtant, let the Ver PS be 


changed i in any Manner whatſoeyer : For let QR. 
when the Angle PSQ is conſtant, and Q T = +; but 


when it is variable, let QR = x, and 5 = =; ;, "then 


(by Lem. 11. of Princip. 101 it will Ly a: 11 5: ys 


tis Af, e Q. © 
whence = = —— FE . 
2 remain the ſame as "of t firſt, VIZ. As S P. . There- 


ore e ill become 8 Poig conſequaity- the 


ee QR will be inverſely as 'Ss Ps. 


— 


I ——a—ũ—Pd“ — — 


1 Rr e neee e eee . 5 


— 


: 


— 


- 


— 


vs 
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2 Laa Bady TY 10 an e ab neee 
. 2 C %E it is tegulired ti 
the of "that of v- be drawn parallel t 
the 'T PR, And 7 £3 -and 
parallel — join CQ the ret 


angled Triang and EF 
Angle r e Dr JE 


** N 3 Fe 
X K Bu ids 5 * 5 a 
angle. P QC; e a 2 f 
proportipria to. 
it i$:defcribed.— 
conſtant uantity 705 Per 


is to Q 8 > 


lipſis DK: *. 7PG*: 
148 Dy vG (ps & "Con iet.) Now” becauſe R, 
and the 
ſmall, therefore P9X'vG = QR XP Gz\ wherice P. 


is in a conſtant Ratio to PN N, that is, QR 2 


P G, or ta P C, the 

23. Hence ir the Dine from of he . rote 
go off to an infinite Diſtance, "the R would be 
changed into a Parabtia, in Which. the Body would 
move, and the Force now por — Centre at an in- 
dale, Ne e on, or the ſame with 


the-Ptrabola ſhould be change r balap the 
1 move in that Curv by the ame Law of 
the ves age Seger d c esd Rk 


fugal one, becauſ&how it cauſes the Body: y-to; Tectde from) 
the Centre) „ 0301 bas, 28 Ae obic: 


Force . to one of the, Farci o 
1 rallel 


{ 


. 


0 — 
e wor is: N nn, | 
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EG-are 7 for = t 
her- 


Gravity, according ts the Fear 6 Salo. And if 


— 


« .-y- 


in a given Ratio, wh the Point Yo in the 
re Hence alſo atio of DR. te Gia 
But in the! | 


* 


pen G und Cr inn ly . 


the cemripetaÞ Force — every where 42 a 2 aca oy = 


24. Laſtly : Lag it e reguir 2 7 N . PL Lvn. 
to the Focus 8, an n ary To Ig. Is 


18 


. — 11 and becauſe the Ang 


ASTRONOMY; 


in moſt of them, ſo extremely: ſtall, as ta 
be almoſt inſenſible; * therefore their 


Motions 


the End of the ſecond Part of Time the 
rallel to DK. Now becauſe CS = CH, we hav 
: HPA=SPR, 

Comes )- and HT parallel to P R. therefore the 
Ke e PHT PTH, and ſo Þ E= PH; con- 


ſequentiy Era AC, from the Ganala 
of 3p Eli bet the Letus Ran of he; Fllighs b. 
L ==, (becauſe 2AC : 2BC=2BC:L) ad 


u interſect PS in x. Then becauſe QR 
8 ov fi 8 PEG 
have Px: PSV: PE (SAC 
Pu AC; PC:: LH GR: L LxÞs heres 
Again, LX P G v X og En 
Alfo, GNP: Q:: Ne: De: 
Theorem III. Again, Q: QT* BT EE; 
when the Pois f. and @. coincide, it is 975 
and F E. CA⸗ Whereſche then Q v* Q.1.5 :: CA 
PF. Now becauſe PFX CD = AC NBC. (ger 
TE fre BS bete Ei . 
25 2 1 con quen ** ' 
: CD*: CN. (Theorem IV.) 
25. Theſe four Theorems ſet ſeparate] 
THEQREM I. LXQR:LXPsv:: e BC. 
II. L XPv:GvXovP:: ny is 
III. G VN P: : : PC*: C. | 
IV. . QF} "CD: : Cf. x 


| Ie is exideay, hy join al] the Ratios we LX 


: 0 L* CXC: PC KC 

X "BY, ; but becauſe A CX L=2B C', we hae Lx 
QR: LT*.::2PC: Gy, Now when P and Qco- 
incide, 2P C= Gv, and then LX QR = QT”; and 


multiplying each Side by TY weſhall have LX SN 
T 


Body: wilt be 


ASTRONOMY. 
Motions may- be looked upon as circular, 
and as ſuch repreſented in Orreries and N. 
azrams, without any ſenſible Error, 


Tur 


EIN 1 80 
. Therafana the cantripeta. Fares jo og 


LXSP inverfely ; ga becauſe ok is a giyen ants 
it will be directly as T 8 _ 


26. L ſhall now ſhew what Ratio the projectile Force 
which cauſes a Body ta deſcribe a. Circle has to that 
which (ceteris paribus) caules the Body to deſeribe any 
Conic Section, Let us aſſume this Rane to be that of * 
tor; and putting 2 à and 2 h for the tranſverſe agg con» 
jugate Diameters of the Canic Section A N, the Circle 
bein A TH, ſuppoſe the right Line EF ta move pa- 

ale! to itſelf, arid the Points a and d therein ſo as: wo 
— Curyes ALlandAN ; and let the Diſtance 
of that Line from AB be call'd x, viz. AE =x; and 
jet 2 d A H the Diameter of the Circle, 


27. Now Vd 77 = E gin the Circle, n 


V2axFsx=E gin the Conic Section. len, 
J | 


of the Ordinates E d and E a, viz. * 


TX 
22 8 the Veloeities in every 
6 Harri 
Point of the Curves 19 9 E F gr AB. But 


— X K ” '- FF 
theſe Fluxions are as TEES Y — X —̃—— 2. 
At. en 


Wi 


AB, or x2 0, the Hanne oſt see, Velccites 


d 
ill 3 
W became that of == Fa” very * 


to 
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n; whence we have nnd UB. 


ASTRONOMY. 


THE ORRERY is, therefore, an adequate 


Repreſentation of the TRUE SoLAR Sys. 
TEM, 


b 
in the Point A. Wherefore A: —== 1: 
| 24 
28. And when x=d = AC, the Diſtance of the 
Centre of Force, we have = N 24 AA = U 


a 
become 2ad ꝙ dd =bb =nnad. Whence we get 


; b 
3 


== andb=—====. Having' therefore i 
an = chat” pm Having therefore the 


Diameters 2 @ and 26, the Conic Section is given in 
Specie, 2" 

29. Now becauſe Unity, or 1, repreſents the pro- 
jectile Force to deſcribe a Circle, the Force ». may 
be any other Number greater or leſs to deſcribe a 
Conic Section. And firſt let * = 2; then will a= 


+ | | 
— Infinite, or the Centre of the Curve 


will be at an infinite Diſtance from A, and conſequent- 
ly be the Parabola AN. 
30. If the Value of z* be between 1 and 2, or if: 


be any Number between 1 and / 2, then will the Co- 
nic Section be an Ellipſe between the Circle A E FH 
and the Parabola A N, having the Centre of Force C in 
the upper Focus next A, as the Ellipſe AL MK. 

Zr. But if # be any Number leſs than 1, the Curve 
will ſtill be an Ellipſe, but within the Circle, having 
the Centre of Force C in the lower or remote Focus, 
as the Ellipſis AI GO. 3 

32. Again; if * be greater than 2, or n greater than 


V 2, then will a be negative ; conſequently the Curve 


will be an Hyperbola, as AO. 


+ nd 
33. Laſtly; if * o, then b = - 


2 — n* 


= 0, and 


2 22 dz that is, if the projectile Velocity be 9 


2 


„ „ ee. 


— 


ASTRO NON v. 


TEM, and gives à juſt Idea of the Number, 
Motions, Order, and Pofitions of the heavenly 
Bodies: 


135 


ad d Lehr F. then the Curve or Trajectory will become 
ht Line AC; or the Frojeclile will . di> 


= 4 the-Centre of Force Cure D 

34. Let A S the Area of any Ellipſe, S, 8, 5 the 
Areas of the Sectors. A S B, BSC, 'CSD, &c. and 
T, 7, ., the Times in which they are deſcribed ; then 
we have 8: 8:4; T; T, :an$S5 Aung and ſo on 
for every Sector through the whole Area. Therefore 
8: TS ＋ ST TTT: Sum of all the Sec- 
tors: Sum of all the Times in which, they. are deſcribed 3 
ſo is the whole Area A to the periodical Time P of a 
whole Revolution. Conſequently, S XPS T XA, 

1H XX F. 


12 
e 1 17 
35. By Art. 25. we have theprionies PI Ong 


r but in a given Time the centripetal Force 


3 and in 5 given Particle of Time T, 


S. wherefore | ina given Time L: : QT*X 
SP*; and ſo LI: TX 5 P: 8, the Sector AS B de- 


ſcribed in a given Time. Whence P: 1 75 therefore 


A: PXx L, chat is, The Area of an Ellipſe is in the 
Subduplicate Ratio of the Latus Rectum and Periodical 


Time conjointly. | 
36. Now let a = Tranſverſe Axis, and þ Conju- 
gate; then e 4: 5: b: L, ns. ſob* = aL, 


and þ = ; whence ej Sa N L.. But the 
Rectangle « Xb: A, the Area of the Ellipſe (by Conzes) 


therefore 45 X Iz: A: PXL* (by Article 35-) that 


Is, 4: P; or, The — Time is in the Seſqui- 
| Plicate 


x36 


Plate 
LVII. 


Fig. 5. 


all the Species of an Ellipſis from a Right Line to ; 


ASN O u . 
Bodies : But the Propartion of Magritude 
» a | — 
Nate Ratio of the Tranſverſe en greater is 72 


2 ys 


Circle deſcribed upon the ſame tranſverſe Diameter 3 or, 
more particularly, the Time of deſcribing the 
Eliipſe AED will be the ſame as that of the Semi- 
Eltipſe AO D; and the ſame alſo as the Time of de. 
ſcribing the Semj-Circle A P, Which is only one Spe 
cies. of an Ellipſis, where: the Foci coincide: with db 
Centre N, and the Semi-Conjugate N O becomes the 
Semi- Diameter NP. Laſtly, when the Semi-Blli 
AO degenerates into a Right Line A Dtby diminiſh- 
ing the — 2 7 NO in inſinitum, and the Fo- 
cus receding to the End of the Axis at D, it is plain 
the Time of deſcribing the Line A D is ſtill the ſame, 
35. The Velocity of theroyolving Body'P i. T, 
8 V being a Perpendicular let fall on the Tangent E 
from the Centre of Force S; for the Velocity is ever 
as the ſmall Arch Q daſetibed-in a given Time; But 
Pg PR, in its evaneſcent State: And becauſe of 
the Right Angles at Fand V, and the Angle QT 
XPS when he Points Q, P, coineide, the evaneſcent 
Triangle QP T will be ſimilar to PSY ; and therefore 


ive Q P (= PR):QT :: PS: SY; whence NHR N 
SPXQ | 
T 


n 292.22 4 


ee 


2, ButSPXQT : Lt; therefore PR 

2 | T -- » +l wa ; 
8 That is, The Velociq it in the Subduplicate Rais 
of the Latus Rectum diratth, and the Perpendiaulun it: 

Jely. 3 2 2:1", e 
2 Hence the Velocities in the greateſt and leaſt 
Diſtances A and D are in the Ratio compounded of i 


= SY 0 ©, _ HS CH2.8 © my &: 


— 
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pected from the Ortery, but by Delineation; 
2s in Mr. Milan s Solar d i her tim 
| ſeveral 


Diſtances 8 A und $D iavetſehy, in the fame Figure 
where L is a given 8 — en * 
Diſtances are the Perpendieul 

40. Therefere i 5 Circle DEC. f deſcribyd at 
the ſame Diſtan becauſe che Circle is that Shes 
cies of 56.5 is W bo Tin! Redbum is equal to the Die. 
meter 2 D fect in this Point D the erp 
lar Diſtance is the fame in both, the Velocity g 
Body in the Ellipſis at the Point Di is to that of A' 
defcribing ave Cie m e S{ſbthpticate Rati > 19 
2DS, or as to 2 - and 5 
de ſhewn wi reſpect w the Vrlotitlet at c 
Point A. 

1. To compare, the V in che Ellipt. at the 

Fc Diſtance B with a ody deſcribing a Gas 


E F at the ſame Diſtance C B from the compar Xx OC 
8, let R Radiũs of dhe Vitcle — wore CD EY 


and let B = leſſer Semi-Azis B C, whic a bore e 
to the perpendicular SY to _ OED in 7 che Por, 
Let the Velocity in the be V. and in the CR 


v; and as L Tatus IT _ the Ellipſe, ſo 2 A 
is that of of the Cirdle ;- A . * .] V Y 


= — or v. 0 . . M 27 


But becauſe (by Com A: B f A B L, — 
2 B* = NL conſequently V* = v3, and fo . 
That is, The Veldtity vf - the Body: ir hs Bllipſe in the 
Point B is equal i thut in vb Githe $9 dyribe wa 
the mean Diftance S B. 

42. It has been already ſhewn (Art. 29, ) that the 
Velocity of a Body i 9 ew of a Harabola is to that 
in a Circle at the fame Diſtanee from the Fodus, 426 N 2 
to 1. And decauſe every thin 2 has been fflewn 


relating to the — ko in an y be demon- 
{trated alſo of the N 1 and Hopi Oy" an. 
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ſeveral Orbits of the Planets arec laid down | Dl 
in their proportional 'Diſtances'\ from the by 
8 Sun; 
Lib. I. Prop. XII, XIII.) therefore in the Parabildts Wil < 
Velocity will be every where at P as a Pe icuat 7 
S Vlet fall upon the Tangent PN reciprs ly. And | 
Fi Pet 8 ** 8 P, and ſo 8 T: v PS; ; therefore 78 
JA), in the Parabola 10 be tvety where's * 
„Ab- or in te | Subluylicate Nun, ef the Diftenctis P 
n 
2205 122 hav loc 
43. We haye alſo ſhawn (. Anna - XXXIV. 1 72 ver 
Circle whoſe Radius i is a, P — eriodiea Time, N in 
Velocity, that V P. g, and V and thereforsV+ i f. 
.A 207 der 
-— 4 P, butalſoP* 267, (ibid. 11.) hence V. — ng | 
3 I 
i dherefore V 2 — Therefore the Velocity ( f | SI 
ihe Circle AGHT is the Velocityin the Circle EPF i & 
deſcribed with 'the Radius SP, w/o SS 8 
r V : I of Fb= AI. But the Velo- i, 
cities in the Points A and P in the Parebel alſo ara in 81 
the ſame Ratio of NV SP to VII. (by 42.) ; conſe- de 
quently, The Valecity in the Parabola at the Vertex Aioth Bill pes 
the Velocity in the Ciede'; in the ſame Diſtance A 8, di (the 25 
Velocity in the Parabola at P is id the Velbeity in the Cid 8 
deſcribed at the ſame Diſtance 8 P; ry ts, in the rn - = 
where 7 V 2 to1. rh 
Again; the Velocity in the Citele whoſd Radius I 
is 1 SP is to 'the Velocity in a Circle whoſe Radius i wi 
SP, as V SPto V 38P, or as 2 to 1; conſe- P 
quently, The Velicity in the Parabola at P is equal to the 15 
elocity in a Circle whoſe Radius is 18 P. 
45. The angular Velocity of a Body P revolving in M, 


any Orbit, that is, the Angle which is made at the 
Centre 
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Sun; and their Magnitudes comparatively 
with each other, and with that of the Sun, 
* My: 3; Ant ain! 5 expreſa d 


Centre 8, viz. PS Q, by the Radius Hector 8 P de- 
ſeribing in a given Time the Arch PQ, is as Q di- 
rectly, and 1 8 Einverſely ; (that is, the Angle P SQ: 
7895 W 5 br: This ps eaſy; to, underſtand when 
we conſider that any Angle is greater as the Arch PQ 
or þq, deſcribedl in- a. given! Time, is o; and leſs in 
Proportion to the Diſtance 8 P and p, becauſe the Ve- 
locities with which thoſe Arches are deſeribed arè in- 
verſely as the Perpendiculars 8 V, Sto the Tangents 
in thoſe Points; and when the Arches QP and 9 p. art 
indefinitely ſmall, we may eſteemi them equal to the 
Lines QT and r. ence the Propoſition is FV. 


= - CP” "IO Ie 


„ 118 | ge us 10 
46. Hence the angular Velocity at P and y is 2 
I I TT. 79 „. ani O07 9 + & 
Fr and Ip for the. Sectors PS Qand 58 6, be- 
ing deſcribed in che ſame Time, are equal ; whence 
QTXSP=4y t NS p. Therefore n 71 25 Sp. 
SP: and hence . qt Sp. 8 S p= 
3 ? SP Sp T IP , 1 py _ 
I 1 oe, | L 93 ei ,ffC | 
SP. SY 6 Keen i i Mön rden 
46. From the Foci 8, 3, of the Ellipſe A B D let fall Plate 
the Perpendicularg,S V, y, to the Tangent Vy in the LVII 
Point P; let the centripetal Force tend to the Focus 8; 2 
and let CB be the Leſſer Semi-Axis. Then will the Ve- 8 9 
locity (v) in Bbe to the Velocity (V) in P, in the Ratid 
of VSP to VIP. For V: v:: CBS Y (rt. 11. 
whence V* : :; CB: S'Y*; -But(by Conics) BC 
SSN X 5y; therefore V.: :: S VX SY: SV:: 


/ ate ne entree 


* 5 S V. But becauſe of the ſimilar Triangles SPY and 
* Pz, it is 25: 8 VP: SP; wherefore V.: :: 
* P: SPH; conſequently V: v:: P: SNP. 

n 47. From what has been ſaid it appears, that the 
the Motion of a Planet in its Orbit is very unequal and 
ntre 2 anomalous 


Plate 
LVII. 


Fig. 10. 


be the Orbit of @'Planet, whoſe Focus is 8, its 


Point will repreſent the equal or mean Motion ef un 


AS DTRKONOM 1 
ariomalous ; und this Anomaly or 
Planet's Motion is in nieſelf very oe al 
ſortietinies more, and dame ing n a 2 5 
And in order to explain this, it will be equi 2 
pare it with an equal and uniform Motion of a — 


moving in 1 Circle, Let therefore the EMipſe AEB 


Axis A B, ahd . (a On the Centre "ah 
with the Pilnce S.E ich. is a mean P 

between AK and O K, gon two Semi-Axes) deſtribe 
the Circle CE GF. The Area of this Circle will be 
equal to the Area of che Elliple, as I have ſhemm in 
my Elements of Geometry. 

48. In this Circle let-us wund a Feitüs des 88 
an uniform or equa} Motion through the PeripheryCE 
GF, in the fame Time that the Planet deſcribes thi 
Ellipſe; and when the Planet is in its A; it 
the circulating # int be in C, and the Motion of thi 


Planet; and the Point will deferibe round 8 Aieas pro- 
portional to the Times, and equal to the elliptic Ara 
the Planet at the Tame ume deferibes. 

Let now the equal Motion or angular Veloci 
in the Chrile be CSM, and take the Area ASP equa 
t6 the dettor CSM; and then the Plate of the Planet 
in its Orbit will be P and the Angle M8 D, the Dl. 
ference between the trae Motion of the Planet and it 
mean Motion, is the Equation, and is call'd the Prof 
thaphereſis, from its being added to or talen fee the 
mean Motion, to obtain the true or equated Nnomil 

50. Hence the Area ACD w be equal to th 
Sector DS M, and therefore proportional to the 
thap luer; ee where this Area is bigg 
there the Projtbaphencs or Equation will be 
or a Maximum; which evide happens th 
Planet atrives at E, where the Ellipſe and the Cc 
cut each other, For when the Planet defecnds fame 
to R, the Equation becomes proportional to the Dif 
rence of the Areas ACE and m E R, or to the, fr 
GBRm; for when the Planet is at R, let the Point 
be at V, and the Sector CS V will. be equal to thee! 
Hptic Arca ASR, that is, ACE + CERS= = 

n 
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51. In the Peribelion the equal Motion and the true 


Motion of the Planet coincide, becauſe the Semicircle 
CEG and Semi-ellipſe A E B are equal, and are de- 
ſcribed in the ſame Time, As the Planet deſcended 
from the Aphelium A to the Peribelium B, its Motion 
was ſlower, or leſs than the mean Motion; in which 


Caſe the Equation or Pro/thapherefis is to be ſubtrafte 


from the mean Motion, to get the true Motion and 
Place of the Planet. | FI: IL 

52. But during the Aſcent of the Planet from the 
Perihelium B to the Aphelium A, its Motion will be 
quicker than the mean Motion, as might be ſhewn in 
the ſame Manner as above. In A the Veldcity is leaft 
of all, and in B greateſt, as we have ſhewn ; and in E 
it is equal to the mean Velocity in the Circle. For 
when the Planet is in E, let the Point be in n, and let the 
Area E S n and Sector m $ i be deſcribed in the ſame in- 
finitely ſmall Particle of Time, and therefore equal to 
each other; for Eh XSn =(EbXSE=)miXms; 
but SE=mS, therefore E h = m1 ; therefore the an- 


gular Velocity ES hat E is equal to the angular Ve- 


locity mS 7, which is the mean Velocity, | | 
53. In order therefore to find the equated or true 
Anomaly from the Mean, we are to find the Poſition of 
a Line SP that ſhall cut off the elliptic Area ASP, to 
which the whole Area of the Ellipſe has the ſame Pro- 
portion as the whole Periodical Time of the Planet has 
to the Time given in which the elliptic Sector was de- 
ſcribed, Or if AQB be a Semicircle deſcribed on the 
longer Axis of the Ellipſe, we muſt draw from S the 
Line 8S Q, which, ſhall cut off the Area AS Q, t6 
which the Area of the whole Circle is in the above- 


mentioned Ratio; for then a perpendicular Q H will 


cut the Ellipſe in P, fo that the Line PS being drawn, 
the elliptic Area ASP will he to the Sector ASQ as 
the whole Area of the Ellipſe to that of the Circle, as 
is ſhewn. 3 | 

54. To cut an Ellipſe or Circle in this. Proportion 
was the famous Problem long ſince propoſed by Kepler, 
which is ſolved as follows. Upon QC, produced if 

Vor, III. M required, 


pl. LVII. 
Fig. II, 
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required, let fall the Perpendicular 8 F; the Area ASQ 
is equal to the Sector AC Q and the Triangle QSC, 
that is, equal to * QCXAQ+ZQCXSEF; awd 
becauſe F QC is a conſtant Quantity, the Area ASQ 
will be proportional to AQ+SF. - Hence if we take 
the Arch QN = SF, we have the Arch AN A 
tional to the Time or mean Anomaly of the Planer, 
which we can eaſily find by having the true Anomaly 
iven. ; 
a 55. For Example; in the Orbit of Mart we have 
QC :SC:: 152369: 14100; and becauſe the Length 
of an Arch equal to Radius is 57 29578, fay, 
As the Radius QC=152369=5.182985 
Is to the Eccentricity S C= 141004. 1492 
So is the Length of the Arch 57, 29578 1.75807 


To the Length of an Arch B, 59,302 220.724312 


Then fay, 
oy 3 8 nf ls g0*00==10.00000 
s to the Sine 8 F of the Angle 7 ._ _ 
SCF=ACQ, which ſuppoſe 30*00=9.698970 
So is the Length of the Arch B= 5*,302=0.724312 


To that of the Arch QN=SF=2?,651=0.423282 


56. Therefore AQ + QN = 30* + 2,651 = p* 
30 3”. Thus from the eccentric Anomaly A CQ we 
gain the mean Anomaly AQ N= AN, which 
1s proportional to the Time; and the reverſe of this, 
viz. from the mean Anomaly AN given, to find the 
eccentric Anomaly ACQ, is to be done by. the Me- 
thod of Infinite Series, as follows. Let the Arch N= 
the Sine of the Arch A N be =e, the Co-ſine þ and 
the Eccentricity SC = g. The Sine of the Arch AQ 
is equal to the Sine of the Arch A N'— NQ, equal to 
the Sine of the Arch A N — y, which Sine is thus ex- 

i, e 
preſſed by a Conv, Series, e Roe * 143 
$ 6 * 
2 Sc. as Dr. Kill has ſhewn in his Tig 
metry. 


57. Call 


- df ws s% 


& 1 Tr 
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Call that Ser ies s, then Radius (1): Sine of AQ 


(eU :SF=(y)NQ; cherefore y 


3 3 b . K 
—.— HELL ＋ 12.5 „Ec. Conſequently 
we have ge =» + I + I. 2 NN 1222. 
e. Let ge=n, TTM , „ 


1 „ and the Equation will become z = 274 


by —y* - d, tc. which reverted gives y = 5 — | 


b 26b* + ac sabe —-5 N +@a*d 
. Fa 

Or, by ſubſtituting the Values of band 4, y £— 
—_ += — Sc. 


58. But if the Arch A N be greater than go Degrees, 
and leſs than 270, then ge=z 2 — . + —.— 


HELL, &c. And then a=1—fg, and y 


=2=244=, Sc. This Series expreſſes the 


Arch QN in Parts, whereof the Radius contains 
100,000 ; but to have it in Degrees and Parts of a De- 
185 ſay, As Radius (1) is to this Series (5), ſo is the 
adial Arch 57, 29578 (R) to QN = y in Degrees; 
R 


that is = R228 ww — 87 — . 
. a 72 P hae, | 


59. Now the very firſt Term of this Series © = is 
ſufficient to determine the Anomaly of the Eccentricity 


in almoſt all the Planets nearly enough; for in the 


Earth's Orbit, where CQ: CS:: 1 : 0,01691, the 
Error is only a 10,000 Part of a Degree. For Example, 
Let the Arch A A 300 ᷑ 

M 2 Then 


2, Ec, 
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The Log. of the Eccentricity ag — 
— —— of the Sine of ANZ Ser 


4 
The Sum is Rat Kn R, or R g. 6897 
. e  =0.006714 


e Paris WG Dos we aqui oer 
Gong AN—NQ= 30* — 28/ 38 = 29˙ 31" 22 
Qor Angle A CQ, the eccentric, Anomaly, In 
d T ln gle QC 8, having two Sides C and CS, 
and the clude Angle 2 we find the Angle 
CSQ= 
CN RAS 20828 Radien, we have 
QH : PH (:: making: AC): C D): : Tangent of AY 
QA: Tangent of ASP = 299 2' 54”, the equated or co- 
equated Anomaly required.; And that this is ſufficie 
near the Truth, let us ſee the Value of the ſecond Term 


1 
of the boys viz. — 5 
24 | | (1/1443 * 416 e 
2 
Thus, the Logarithmof - S8. 7-920 00 
m— by - — 92 


The Product is the W of 5, -, =-5:841600 
RE os 3 
Add the Logarithm of . 12 9. % 


The Sum is the Logarithm of = =". 
Subdu& the Logarithm of 2 axe 


Hh, 


R 23 
The 3 of the ſecond Term 7. 5 219492 


To which Logarithm anſwers the Number 0,00001b, 
or the cee Part of a Degree; too mal to be m. 
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expreſs'd by the outmoſt Circle of the 
Scheme (CXLI). wont Sar hun 
2 TE 


garded. And in the Orbit of Mart and Mercury the 
Rz Rx. | | 


4 | 
of y to more T. oy Dogs of Exactneſs. 

(CXLI) 1. The Oxrexy (though a modern Name) 
has ſome what of Obſcurit in reſpect of its Origin, or 
Etymology ; ſome” Perſcns deriving it from a Greek 
Word which imports'to ſee or view, becauſe in it the 
Motions of the heavenly Bodies are all repreſented to 
the View, or made evident by Inſpection : but others 
ſay that Sir Richard Steele firſt gave this Name to an In- 
ſtrument of this Sort, which was made by Mr, Rowley 
for the late Earl of Orrery, and ſhew'd only the Moves 
ment of one or two of the Heavenly Bodies. From 
hence many People have r 12 that this Machine 
owed its Invention to that Noble Lord. hd e 

2. But the Invention of ſuch Machines as we now 
call Ox RERIESs, and PLAN ETARIUus, is of a much 
earlier Date. The firſt we have any Mention of is that 
of Archimedes, generally called Archimedes's SPHERE ; 
though it was more than what we now-a-days call a 
SPHERE, which is an Inftrument conſiſting only of large 
and ſmall Circles artfully put together; but this famous 
Machine of Archimedes was of a more complex Nature, 
and conſiſted of a Sphere, not of Circles, but of an 
hollow globular Surface of Glaſs, within which was a 
Piece of Mechaniſm to exhibit the Motions of the 
Moon, the Sun, and the Five Planets. This Cicero 
aſſerts in his Tuſculan Queſlions. 

3. But the moſt copious and accurate Deſcription of 
this Sphere is that of Claudian, in Latin Verſe. Thus 
the Poet ſings: '” 

Jupiter in parvo cum cerneret athera vitreo, 
Riſit, & ad Superos talia dicta dedit. 

Huccine mortalis progreſſa potentia cure ? 
Jam meus in * orbe labor. 


Jura 
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Tux ptincipal' Uſe, of che Otrery is 10 
render the Theory of the Harth and dhe 


Jura poll, rerumęue fidem, legeſſue Deortun, | 
Ecce Syracuſius tranſtulit arte ſenex.  _ 
Intluſus veriss famulatur ſpiritus aftiis, > © 
Et vivum certit motibus urget opus./, 
Prercurrit proprium mentitus Signiſer ann! 
r 
Jamgue ſuum voluent a uftria mundum 
. ._ Gaudet, t& humand ſidera mente regit. 6. 
| 1 Salmonta miror? 


Po 
4 Tz 
Ta + 


4 

* * 
0 

1 


= 3 1 


. * „ 
1 


Emus Nature parva reperta manus. 
a + This Machine appears from hence to have 

ſufficiently A and univerſal, as e 
the Heayenly Bodies, and exhibiting all cheir proper 
otions; which is all that can be ſaid of our comman 
modern Orreries. 'Tis true, this of Archimedes 
was contrived to repreſent the Ptolojnaic Syſtem ; wy 
the . Nature gh cal 1 is 

e, whether the Syſtem of Prolomy or Copernicus, ot 
any other be repreſented by it. +41: al 
5 The next Orrery we have any mention of is that 
of ofrdonius the Stoic, in Cicerd's Time, 80 Years be- 
ore our Saviour's Birth : Concerning which the 
in his Book De Nat. Deorum, has the following Pal- 
ſage.—8 uid fi in Scythiam, aut in Britanniam, [ 
aliguis it hanc, quam nuper familiaris nofter effeat 
Pofidonius, cujus ſingulæ converſiones idem efficiunt in Sole, 
& in Luna, & in guingue Stellis errantibus, quod efficitur 
in Cælo fingulis diebus & noctibus; quis in illa barbarit 
dubitet, quin ea rt ſit perfecta Ratione ? That is, 
If any Man ſhould carry this Sphere of Pofidonins 
<« into S:ythia or Britain, in every Revolution of which 
ce the Motions of the Sun, Moon, and Five Planets 
<< were the ſame as in the Heavens each Day and Night, 
* who in thoſe barbarous Countries could doubt of its 
<< being finiſhed (not to ſay actuated) by perfect Rea- 
* ſon?” What can be a more genuine Account of a 
compleat Orrery than this? And, by the way, what 
would Cicero ſay, were he now to rife from the es 
aud 


* 


3 8 


5 3 » 
"a 4%. 2 
a * 
2. * 
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d 


4 


Moon eaſy and intelligible ible ; iden anda 
| a: happen, 


and fee his Barbarevs Britain abounding in Orreries of 
various Kinds and Sizes? | wt | 

6. From _ Time 2 no more of Orreries 
and Spheres, till about $10 Vears after Chrsff, when 
the — Severinus Boethius, the Chriftian (though 
Raman) Philoſopher, is ſaid to have contrived one which 
Therdoric King of the Goths wrote to him about, and 
deſired it for his Brother-in-Law Gundibald King of 
Burgundy ; in which Letter he calls it Machinam Mundo 
gravidam,——Corlum geflabile, Rerum Compendium; that 
is, « Machine. pregnant with the Univerſe, —a portable 
Heaven, —a Compentiam of all Things. What more can 
be ſaid of our Orreries? 

7. After this DIAS a long „ r of — 
and Ignorance, which ſo deluged the Literary 
that we find no Inſtances of Mechaniſm of any Note 
till the Sixteenth Century, when the Sciences began 
again to revive, and the Mechanical Arts to flouniſh. 
Accordingly we meet with many Pieces of curious Work- 
manſhip about this Time; and in the Aſtronomical 


Way particularly is the ſtately Clock in 33 
's 


Palace at Hampton-Conrt, made in Henry the Eigh 
Time, A. D. 1540, by one N. O. Tris ſhews not 
only the Hour of the Day, but the Motion of the Sun 
and the Moon through all the Signs of the Zodiac, with 
other Matters depending thereon ; and is therefore to 
be eſteemed a Piece of Orrery- Work. | | 
8. Such another is mentioned by Heylin at the Ca- 
thedral of Landen in Denmart ; but the moſt conſide- 
rable at this Time is that Piece of Clock-work in the 
Cathedral of Straſburg in Alſact ; in which, beſides the 
Clock Part, is the C:leſtial Globe or Sphere, with the 
Motions of the Sun, Moon, Planets, and Fix'd Stars, 
Sc. It was finiſhed in the Year 1574, and is much 
ſuperior to that pompous Clock at Lyons, which alſo 
contains an Orrery-Part. A. : 
9. About the Beginning of the Seventeenth Century 
this Sort of Mechaniſm began to be greatly in Vogue, 
3 | and 
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happen, which depend on the ami or K. 
urna Rotation of the Earth, and the month 


ſin ce. l- U 24d. 26th 
10. There have been various Forms invented for this 


| 
if 
| 
| 
4 


755 As rTRON O Mx. 


Revolutions 


and Spheres and Orreries were now no uncommon 
Things; though. Orreries bore an exceſſive Price till 
very lately. The firſt large one made in'' London 


Mr. Rowley was purchaſed by King George I. at 


Price of 1000 Guineas; nor has any of that large Sort, 
which contains all the Movements of Primaries and 
Secondaries, been ſold for leſs than 300 l. at any Time 


; v3) 


noble Inſtrument, two of which, have principally ob; 
tain'd, wiz. the Hemiſpherical Orrery, and the Whole 
Sphere; though the Orrery at firſt was made without 
any Sphere, and with only the Sun and the Earth and 
Moon revolving about it; but this was too 'imperfe a 
State, and they ſoon began to inveſt it, ſome with a 
 Half-Sphere, ſome with a Whole or Compleat Sphere ;"for 
otherwiſe it could not be an adequate Repreſentation'sf 
the Solar Syſtem, 3 27. 4088 

11. The Hemiſpherical Orrery has been made in 
greater Numbers than any other, on account of their. 
being made much cheaper and eaſier than thoſe in a 
Sphere of the ſame Size; there being a vaſt Difference 
between placing an Hemiſphere on the Box of an Orrery, 
and diſpoſing an Orrery in a large moveable Sphere. But 
then the Idea given us by the former is very unnatural 
and imperfect ; and *tis ſurpriſing to think they ſhould 
have ſuch a Run as they had, Mr, Wrigbt having made 


between forty and ſiſty of that Sort ſince the Death of 


Mr. Rowley his Maſter, And though I incline to think 
ſew more of that Form will be made, yet as they have 


had ſo great a Name, I have thought proper to give 


the Reader a View of one in a Print, 

12. This ill- judged and erroneous Form of an Orrery 
had this Effect with thoſe who knew the Nature of ſuch 
Machines very well, that ſome applied themſelves to 
conſtruct Orreries in a Compleat Sphere, others invented 


ſuch Inſtruments as ſerved to exhibit the Motions - 
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of Seaſons, the Viciſſitudes and various 


the Heavenly Bodies ſeparately, which they accordingly 
call'd PLANETARIUMS, LUNARIUMS, Oc. and others 
declared againſt all Orreries is as giving falſe 
[deas of. the Syſtem of the World, eſpecially as the 
Magnitudes and Diſtances of the Heavenly Bodies could 
not be repreſented by them in their proper Propor- 

13. But they muſt be ſuppoſed to reaſon very weakly, 
who object an inconſiderable Deficiency in any Inſtru- 
ment, againſt its moſt important Uſes. No one ever 
decried an Air Pump, becauſe an abſalute Vacuum was 
impoſſible by it; or the Uſe of a Teleſcope, | becauſe we 
cannot ſee the Inhabitants of the Planets. And on the 
other hand, to repreſent. the Solar Syſtem by Parts, or 
in a piece- meal Manner, is little leſs than mangling one 
of the moſt noble and uniform Parts of Natural Philo- 
ſophy. The Planetarian Scheme therefore of Dr. De- 
2 ſoon became extinct. 5 | x 

14. An Orrery then, adapted to an Armillary Sphere, 
is the only Machine that can exhibit a juſt Idea of the 
true Syſtem of the World, with the diurnal and annual 
Motions of the Heavenly Bodies; and none but an Or- 


rery of this Kind can do that: Yea furthermore, ſuch 


an Orrery is capable of exhibiting the third Motion of 
the Earth, by means of the Armillary Sphere; I mean 
that Motion of the Earth by which the Poles of the 
World revolve about the Poles of the Ecliptic, and oc- 


caſions what is commonly called the Preceſſion of the Equi- 


noxes, or more properly the Retregreſſian of the Earth's 
Nodes. 


third Motion of the Earth and its Axis, I ſhall explain 
it as follows. Let DC H be a Part of the Earth's Or- 
bit, C its Centre, E C the Axis of the Ecliptic, E its 
Pole, CP the Axis of the Earth, P its Pole, through 
the Points E and P draw the great Circle E P A, meet- 


ing the Ecliptic A L in A; the Arch PA meaſures the 


Inclination 


15. That the Reader may have a proper Idea of this 
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Lengths of Days and Nights, the Man 


of Solar and Lunar Felipſes, the vations 
Phaſes of the Moon, Sc. 


* li "ne | , 195 en L444 i+4 

Inclination of the Axis of the Earth to the Plane of the 
Ecliptic, viz. the Angle PC H, which is found by Oh. 
ſervation to be about 66* 307, and therefore its Cam. 
plemental Arc EP or the Angle PC E = 2p 28, © 
16. Through the Pole P from the Point E defenbe : 
leſſer Circle PF G, which will be parallel to the E. 
cliptic ; then if the Axis of the Earth be directed it am 


particular Time to P, it is found by Obſervations df 


many Years, that it will not conſtantly be diresbel t 
the Point P in the Heavens, but will in 72 Years time 
be directed to ſome other Point Q, ſo that the Arch 
PQ= 1 Degree; and therefore in the Space of 1 5 
72 = 25920 Years, the Point P or Pole of the World 
will deſcribe the Circle PF G about the Pole of the 
Ecliptic E, which Revolution is call'd the Great Tear. 
17. The Cauſe of this Conizal Motion of the Earth's 
Axis was unknown to all the Aſtronomers and Philo- 
ſophers before Sir Iſaac Newton's Time, none of them 
being able to gueſs from whence it could proceed: But 
this divine Geometer ſoon inveſtigated the Cauſe there- 


of, and demonſtrated it td refult from the Laws of Mo- 


tion and Gravity, that is, from the Spheroidical Figure of 
the Earth; for were the Earth a perfect Globe, its Axis 
would always remain Parallel to itſelf, and have no ſuch 
Motion, See the Principia, | 

18. From this Motion of the Earth's Axis follow fe. 
veral remarkable Phenomena ; us Firft, a conflant Ch 
of the Pole-Star ; for *tis evident, if any Star ſho 
chance to coincide with the Pole P at any time, it wil 
after 2 Years be left at the Diſtance G, or 1 De- 
gree Weſtward, and the Star at Q becomes then the 
North Pole-Star. : + 

19. Secondly, The preſent Polar Star will in time 
be on the South Part vf our Meridian ; that is, the Star, 
which ſuppoſe at preſent at P, will after 12960 Years 


be at G, which being 47 Degrees (in the Arch of 2 
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IN my Orrery, which is of a , peculiar 
and moſt elegant Structure, the Earth in 


t Circle) diſtant from P, will be on the South Part 
of the Meridian of London, which ſuppoſe on the Earth's 
Surface at B. For if T R be the Equator, then the 
Latitude of London T h = 51 30”, and its Complement 
5% = 38 30“; therefore g p—bp = 47* — 38* 30'= 
8* 30'== gb, the Diſtance of the preſent North Star 
towards the South at that Time. | | R 

20. Thirdly, The Circle EP A paſſing through both 
the Pole of the Ecliptic and Equator, will be che 84 
jitial Celure, and A the 1 $25 Point, when the 2 
of the Earth points to P; but after 72 Years, when it 
points to Q, then the great Cirele EQB will be the 
Solflitial Colure, and B the Sol/tice, for the ſame Reaſon, 
And hence alſo the Eguinoctial Points (which are always 

Degrees diſtant from the So//izes ) muſt move in 
ime Time through the lame Arch, the ſame Way, v:z. 
Weltward. 


21. Fourthly, Henee tis eyident, all the Points of the 


Ecliptic do move backwards, or Weſtwards, through 
one Degree every 72 Years z Which Motion is ſaid to 
be in Antecedentia, and is contrary to the Order of the 
Signs : As the other Motion, by which the Planets are 
carried round the Sun, is ſaid to be in C tia, or 
according to the Order of the Signs, viz. from Aries v 
to Taurus 8, Gemini If, Sc. And this retro rade Mo- 


Q- 
tion of the Equlnoctial Points is call'd the Rzzefflon of. 
the Equinowts. 


22. Fifthly, This Receſſion of the EquinoQtial Points, 
and indeed of the whole Ecliptic, is the Cauſe of the 
flow apparent Motion of the Fixed Stars forwards ; for 
ſince the ſeveral Circles of Longitude by which they 
are referr'd to the Ecliptic are 2 back - 
wards, the Stars, which are immovea e, muſt with 
reſpect to thoſe Circles have their Diſtance, that — 
their Longitude, conſtantly increaſing from the fr 
Point of Aries. Thus all the Conſtellations do conti- 
nually change their Places at the Rate aforeſa d: The 

Zo RS | bright 
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tits annual Motion paſſes round by a 'Cirdle, 


on which is*engraved a Calendar, and the F- 
Echptic; and the Plate which carries the L 
Earth about has an Index on the oppoſite fe 
Part from the Earth, to ſhew the apparent | 
Place of the Sun in the Ecliptie, for every 8 
Day of the Lear; and one Turn of the 1 
Winch carries the Earth once round its b 
Axis, and the ſaid Index over the Space of it 
one Day in the Calendar: So that by this 0 
means the true Place of the Earth, and the c 


apparent Place of the Sun, alſo the Place 
and Phaſes of the Moon, may be "7 
ſhewn for any Day required. | 


THE Orrery-Part, containing the W bel 
Mort, is placed within a large and moſt beau- 

' tiful ARMILLARY SPHERE, which turns 
about upon its Axis, with a fairly-engrayed 
and filver'd Horizon, which is alſo move» 
1 able every way upon a moſt elegant Braſs 
4 Supporter, with four Legs richly wrought ; 
bl! at the Bottom of which is a. noble large 
ſilver'd Plate, with a Box and NEEDLE, 


and 


bright Star of Aries, for Inſtance, which in Hi e 
Time was near the Vernal Equinox, is now removed 
near a whole Sign or 30* Eaſtward, and is in the Be- 
ginning of Taurus &, and Taurus is got into Gemini It 
and thus all the Conſtellations of the Zodiac have 


changed their Places, and poſſeſs different Signs 1 
what they formerly did. 
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and Couvass, with the Names of all 
the Points finely engraven in Words at 


Length. The Circles of the Sphere are as 


follow. 

TuE EQUINOGTISL;: which dee the 
Sphere into two Parts, v2. the Northern 
and the Southern Hemiſphere; and is ſo call'd, 
becauſe when the Sun comes to paſs over 
it, (as it does twice every Year) the Days 
and Nights are then equal. This Circle is 
divided into 360 Degrees, call'd the RYE 


. Aſcenſion of the Sun or Stars. 


THE ECLIPTIC is that great Circle which 


repreſents the apparent annual Path of the 


Sun through the Heavens. It is divided 
into 12 equal Parts call'd Signs, conſiſting 


of 30 Degrees each; whoſe Names and 


Characters are as follows: 1. Aries, the 
Ram, ; 2. Taurus, the Bull, 8; 3. Ge- 
mint, the Twins, n; 4, Cancer, the Crab, 3 
5. Lea, the Loh. K; 6. Virgo, the Vir- 
gin, m; 7. Libra, the Scales, &; 8. Scorpio, 
the Scorpion, m; 9. Sagittarius, the Bow- 
man, 7; 10. Capricorn, the horned Goat, ; 
11. Aquarius, the Waterer, = ;. 12. Piſces, 
the Fiſhes, c. The Echptic interſects the 
Equinoetial i in the Beginning of Aries and 
Libra, in an Angle of 23 Degrees, 29 
Minutes. In this Circle the Longitude of 

the 
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the heavenly Bodies is . The 


Machine, moveable every way within it. 
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an; 121 is the Middle of 

TE ZoD1 4c, which is a broad = 
Sons. encompaſling the Sphere to five De 
grees on each Side the Eclipric ; ſo called 
from the Figures of the ſeveral Animal, 
or Conflellations of the Signs, with which its 


adorned and embelliſhed. 'This Zone com- 


prehends within it the Paths or „nm bn 


all the Planets. 


TRE MERIDIAN is a great Circle caſt 
ing through the Poles, and cutting the 
Equinoctial at Right Angles; ſo call'd, be- 
cauſe when the Sun is upon any Meridian, 
it makes the Meridies, Mid-Day, or Noon, 
to all Places under it. Of theſe there is otie 
called ; 


THE GENERAL MERIDIAN, -within 
which the whole Sphere turns, and upon 
which are engraven the Degrees of Latitude, 
beginning and proceeding each way from 
the EquinoQtial to the Poles. To this 
Circle the Sphere is ſuſpended; and being 
moveable within the Horizon, the Sphere 
may be elevated or rec ified for the Laritud 
of any Place. 


THE HoR1ZON is that broad flverd. 


Frame, or Circle, which contains the whole 


It 
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It is fo called berauſe it bounds our Sight 
in the Heavens, and divides! the Sphere in- 
to the upper and lower Hemiſphere. © Upon 
this Circle are curioufly engraven the Eclip- 
tie Signs and the Calendar, for readily find- 
ing the Sun's Place for any given Day or 
Time. On this Cirele is allo reckon'd = 
Amplitude of the Sun, &. 

THE Points where the Ecliptic interſe@ts 
the EquinoCtial are calld the Eguinoctial 
Points, or EQUINOXEs, becauſe when the 
Sun is in them, the Dayr and Nights are 
equal, As the Sun is in one of them in the 
Spring, it is called the Yernal Equinox; and 


in the other at Autumn, it is call'd the Au- 


tumnal Equinox. 

THE Beginning of Cancer and cue 
are call'd the Solftitial Points, or the Sol- 
STICES; which is as much as to ſay, the 
Stations of the Sun, becauſe when the Sun is 
in thoſe Points, he ſeems ffatianary, or not to 


move for ſome Days: The firſt is the Sum- 


mer, the other the Winter Solſkce. 

THz Meridians which paſs through the 
Points above-mention'd are call'd the Equi- 
nactial and Solftitial CoLures reſpectively. 
They divide the Sphere into four Qyarters, 
in the Middle of the four Seaſons of the 


Year, 


THE 


- 
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Tux Leſſer Circles of the Sphere are tl 


which is call'd the Torrid Zone on the Ter- 


are call'd the Temperate Zones, as enjoying 
a mean or moderate Degree of 5 * 
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TRorics and PoLAR CI RCEEs ; Whick'are 
on either Side. The Northern Tropic it 
that of Cancer; the Southern that of Capri. 
corn; as paſting: through the Beginning of 
thoſe Signs. They are diſtant from the 
Equinoctial 23 Degrees, 29 Minutes, and 
include that Space or Part of the Sphere 


reſtrial Globe, becauſe the Sun 18 at One 
Time or other perpendicular over every Part, 
and extremely torriſies or heats it. 
WITHIN 23 Deg. 29 Min. of each Pole 
lie the Polar Circles ; of which that about 
the North Pole is calPd the Arctic Ciel, 
becauſe. of the Conſtellation of the Bear in 
that Part; and the. other about the South 
Pole, the 1 Antartixe: Circle. They include 
thoſe Spaces which are call'd the, Frag 
Zones, by reaſon. of the intenſe, Cold which 
reigns in thoſe Regions the greateſt Part of 
the Lear. Thoſe Spaces which lie between 
the Tropics and Polar Circles, on either Side, 


Cold. 
TER Circles 0 are eſſential to W 


Sphere; beſides which there is the Que 
drant 
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rant of Altitude, for ſhewing the Height 


ud Index, ſhewing the Time correſponding 


r Label, for ning the wet to- its, \ Proper 
lace in the Ecliptir. 

Ir is eaſy to conceive, that the Bus will 
ways enlighten one Half of the Barth ; and 
at when the Sun is in the Equinoctial, 
e Circle which terminates #be 


i of Ilumination}} will paß through the 


puch of Lala into two equal Barts 


of the Eguinoſa put that af the Eehptic; 
he Axis of the Earth will be inclined to that 
ff the Eclipti ic 
Minutes; and ore the Cirriz g i 
nation will, at all "ther Times, divide che 


Parallel of Latjtpde into ee 
Parts. t 


one Revolution of the Earth, or 24 Hours; 
therefore that Part of, the Parallel which 
lies in the enlightened 22 will repres 
ſent the Diurnal Arch, or TL of the 
VoL . III. N : OD TJ z 
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f any Luminary above" the Horizon; rt 
large and moſt beautiful Harary Circle 


\ the Motion. of the Sphere: Alſo the 8 


eres e | 


But ſince the Earth*ahoves/not_in the Plans 


in an LAngle of 23 Degrees 29 f 


Now | ſince any Parallel is the Path or 
Tract which any Place therein deſeribes in 
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! 

Day; and that Part in the dark Hemiſpbzr, 
will be the Nocturnal Arch, or Length ꝙ 
the Night, in that Parallel of Latitude. 
HENCE, when the Orrery is put into 
Motion, the Earth moving with its Axiz 
always parallel to tfelf, yet always inclined 
to the Plane of the Ecliptic, will ſometimes 
have the Northern Parts turned more direQly 
to the Sun, and moſt enlightened; and at 
other Times the Southern: Parts will be ſo. 
Hence various Alterations of Heat and Cold, 
and Length 'of Days and Nights, will enſue 
in the Courſe of the Revolution of the 
Earth about the Sun, which will conſti- 
tute all the Variety of. Seaſons, as will moſt 
naturally and evidently be ſhewn in the 
Orrery, as follows (CXLII). . 
(CXxLII) 1. Though theſe Things are plain to 2 
Perſon who has his Eye on an Orrery, while he hears 
or reads this Account of the Nature and Manner of the 
Seaſons, and the Variety of Day and Night, yet Ideas of 
this Sort are not ſo eaſy to be obtained by mere Reading 


and Cogitation only, unleſs aſſiſted by a proper Dia- 
promos Repreſentation; which- therefore I ſhall here 


ſubjoin and explain. 


2. Let 8 be the Sun, AB CD the Orbis Magnus, ot 
annual Path of the Earth about the Sun. In this Orbit 
the Earth is repreſented in four ſeveral Poſitions, in the 
midſt of the four Seaſons reſpectively. On the Earth 
are drawn the ſeveral Circles and Lines as follow. 


CQ The Equator, ' 


TOR The Tiopic of Cancer. 
_ PML The Tropic of Capricorn. x 
a be 
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Ws will firſt give the rann Modan 
the firſt Point of Tibrd the Zun will then 
i, | it | appear 


abe The North Pelar or Hic Circle. or | 
def The South Polar or fai Circle} . | 
E G D The Parallel of London.” 
NCS The Earth A... 
aCf The Axis of the Eeliptie Plane! 
4. As the Sun is ſuppoſed to be at᷑ ſo great a Diſtance 
that the Rays coming from it do arrive at the Earth” 
nearly parallel, they will therefore illuminate very nearly 
one Half of the Globe of the Barth, abſtracting from 
the Refraction of the Air. And if we are ſuppoſed to 
view the Earth circulating about the gun at a very gteat 
Diſtance in the Poſitions" repreſented in the Scheme, 
we ſhall have all the'enlighitened Part turn'd to the Eye 
on the Equinoctial Day in the Spring, but on that in 
the Autumn we ſee only the datk Part; as on the Sum- 
mer and Wintet Solſtices we ſee only half the light and 
dark Hemiſpheres reſpeively * And accordingly the 
Earth is thus repreſented in the Figure, ' 
4. But (as J find by Experience) the beſt Way to 
convey an Idea of the Seaſons, and Day and Night, is 
to repreſent the Earth alſo in Poſitions exhibiting the 
viſible Hemiſphere Equally” divided into the light and 
dark Parts, or ſemicircular Areas: as ih che next Plate; Pla 
and to compare theſe both together in the Deſeription. LIX. 
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To begin therefore wih the Situation of the Earth in 
the Spring and Autumn. * W 

5. In either of theſe Caſes, 'tif\evident the Sun is in 
the Plane of the Equator EO, and therefore equally *' - 
diſtant from each Pole of the Were; eanlequen 24 We | 
Circle of Illumination will paſs through both the Poles, Fig. 4; 
VS; and therefore every "Place at an equal Diſtance | 
on either Side will have an equal Degree of the Suns 
Light and Heat. And 2s the Karthirevolves upon its 
Axis, every Place muſt deſcribe à Cie parallel to ther | 
Equator, one Half of which will be in the light,” the 
other Half in the dart Hemiſphere ; and as Parts of the 
Circle meaſure the Day and Night, it is plai . 

N 2 


o 


— 


. 
- 


„ * 


- - + 
> 


ASTRONOMY, 


appear to enter Arias, and this will be the 
Verual Equinar; fot now, the Bu being 
WINE | in 
then be equal, - Thus in the Equator," the Diu 
Arch QC is equal to the Nocturnal Arch CR; in the 
Tropics RO and LM are to O T and MP; in 
the Latitude of ' England the Day E G is equal th the. 
Night GD; and ſo in all other Parts. «© < 
6. Hence, by the way, we may obſerve, that had 
the Sun always moved in the Equator, there could have 


been no Diverſity of Day and Night, and but one Sex 


of the Year for ever to all the Inhabitants of the Earth, 
No Alteration of Heat or Cold, ſo agreeable now both 
to the Torrid and the Frozen Zones; but the ſame 
uniform eternal Round of unvariable Suns had been our 
uncomfortable Lot, every way contrary to that Diſpo- 
ſition we find all Mankind formed with, of being de- 


lighted and charmed with Variety to an extreme De- 


gree. The Obliquity of the Ecliptic is therefore not 
to be looked upon as a Matter of Chance or -Indiffe- 
rency, but an Inſtance of Wiſdom and Deſign in the 
adorable Author of Nature, who does nothing in 

7. If we conſider the Earth moving on its Orbit, 
with its Axis NS always parallel to itſelf, till it comes 


into the Summer Situation, we ſhall there ſee, that by 


this Paralleliſm of the Axis all the Northern Parts of 
the Earth will be brought towards the Sun, which will 
in this Caſe be in the Plane of the Northern Tropic, 
and his Rays perpendicular upon it, as at R. The 
Circle of Illumination a Cf will now be in fuch a Site, 
as to include the North Pole and all about it to the Dif- 
tance NA =235* 30'; and on the contrary to ex- 
clude the South Pole 8, and Southern Regions to the 
ſame Diſtance 8 f. The Northern Climates muſt there- 


fore now have their Summer, and the Southern Cli- 


mates their Winter; as will appear more particularly it 
we conſider, 
8. Fir, The Sun-Beams fall more perpendiculaily 


upon any Northern Parallel than upon the ſame Southern 
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js the 'Ecainottial, all Parts of "the Fart 


will be ba ed from Pele to 
6! Toy 
[ | , 


| 1, ah have therefore # ſhorter honor N 5 | 
e Par 


b Rays . #g, be F Aden on t 
« þ an 7 chen will Fir ebF, 
2 it would be in the ſame Latitude 
ward, W . therefore Will not be ſo mi ch es 
„and abſorb'd ; and conſequently- 

more conſiderable and ſenſidle. Agai 

re perpendicular, they will ſtrike Tit a e 
Force; alſo the more will El on a given Space; on 
both which Accounts their Effect, i in reſpect of! 

eat, Will be greater. — 
9. Second hh, As the Earth revolves out its. at 4336 
eyery Place in North Latitude' will deſcribe. a greater .- 
Part bf its Parallel in the ehlighten'd pon in the dark 
Hemiſphere z or, in, other We rds, the Day will be 
longer than the Night. Thus in the Narther Tropic | 
the Diurnal Arch i is 7 the . A 1 4 

is pl than t Difference 


in the Paratle Ength of Day is 1555 n | | 
by the Arch * Fax e Nig! 12 neh 15 Ma | | 
than the Day by ths 10 1 And la | | 
the Polar Circle e b 5 a 235 
rallel} lying within rk 8 f= On 
which Account it 1% „ 5 a Heat of the 
_ is greatet in any ace © 11 ude now than ak [7+ 
K other Time o 15 2 155 therefars now * ey 

the idſt of the Summeß if in the chen * {k a 
Climates. | 1 

In the Southern Pale of tie World it is" inis. * 


10, 

for the ſame Reaſons reverſed, viz. becauſe the Sun 
Rays fall -more obliquely” there ; they ther 
through 4 oreater antity of the At here, off which 2 
Account the are me; faded, blugged, 280 ſtifled, - 
and their Effect weak Mo 4 les Quantity of the 1 
Solar Rays will fall on 7 18 ace, and each Ray = 
ſtrike with a leſs Frcs, 2 Fi q "ys N 0 
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As D . 


Pole, and all the Parallels of Latitude d. 
vided into two equal Parts by the Cirel of 
| Illuminati, 


their preſence will be ſhorter than that of their Abſence 


or the Day will be ſhorter than the Night; as Ip the 
Southern 3 opic the Day is L 4 ny but t Night XP, 
Jonger by the Difference MX; which Difference js 
' ſtill greater the farther you go, till you come to the 
Antarctic Circle def where there is no Day at all, and 
all within to the South Pole 8 Is involved in Night, of 
greater or leſs Duration. 
11. For the ſame Reaſons, when the Earth arcivec 
to the oppoſite Part of its Orbit, it will be SUMMBR 
to all the Southern Climates, and W1NnTER in the 
Northern. It is evident this muſt neceſſarily os 
the Paralleliſm of the Earth's Axis, and the Chan 
her Place in the Orbit: By which Means the Sun d now 
illumines that very Half of the Globe whic in the 
other Poſition was. dark; and whence it follows, that 
in all North Latitudes the Length of the Da s now are 
equal to the Length of the Nights then, and vice bez 
in South Latitudes. - Thus the Day (in the Parallel of 
M land) EZ r DZ, the Night in the Summer Seaſon; 
the Ni ht now, vis, Z D = ZE, the Day at that 
Time. All which Things are tod plain from the 
Schemes to want färther xplication. 
12. Thus the Viciflitudes and Variety of the Seaſons, 
and of the Day and Night, appear in general; butts 
exhibit the ſame in an eſpecial Manner for any parti- 
, cular Place, as London, another Scheme is neceſſary, 
wherein the Sphere ſhall have the ſame Poſition with 
—_—_ _ that Place, as the Earth itſelf has. Thus let 
S be the Earth; Z will be the higheſt Point, or 
Ps Londen; HO the Horizon, and N the loweſt 
Point or 0 Wie and Q the Equator, I R and 
PL the two ropics, ac and df the two Polar Circles, 
as 1 
| Then when the Sun is in the Plane of the Equa- 
i at e, the S-mi-diurnal Arch, or half the Length of 
the Da 7 will be repreſented by E C; and that of the 
7 C 2 which i is equal to the former, * "YE 
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ASTRONOMY, 


Iuminat ion. Hence the Days | and Nights 
will be equal, and che Sun's Heat is: now 
| : | | at 


Caſe the Angle e Ch, which meaſures the Altitude of 
the Sun above the Horizon h O, is 3830 . 
14. Again: When the Sun is in the Tropic I R, 
and conſequently neareſt to the Zenith of London, the 
ſemi-diurnal Arch is then I I, which is longer than the 
former in the Proportion of the Right Angle A NC 
6 Hours to the obtuſe Angle A, NF = 8 Hours 16 
Minutes; NES being an Hour-Circle drawn through, 
the Point I, and interſecting the Equator in E. The 
demi-nocturnal Arch js I R, and equal in Time to the 
Angle EN Q = 3 Hours 44 Minutes, the Complement 
of the other to-12 Hou ‚ - e 
15. Laſtly: When the Sun appears in the Southern 
Tropic at P, and moſt remate from the Zenith of Lon- 
den, the Semi-diurnal Arch is then, P K, equal to the 
Angle E ND = E Hours 44 Minutes nearly, equal to 
the Night when the Sun was in the other Tropic; and 
the Semi-noCturnal Arch K L; at this Time is evidently 
equal to the Semi-diurnal Arch TI at the oppoſite Time 
of the Year.” A * en 
16. Whenever the Sun comes upon the Line NS, 
repreſenting the Hour-Cirele of Six, it is then Six o'Clech, 
as at X in the Summer Tropic, before Sun-ſetatTI ; and 
at B in the Winter Tropig, after Sun-ſet at K. Alſo 


when the Sun comes upon the Line Z CN (which re- 


preſents the Prime Vertical, or Azimuth of Eaſt and I 
it is then due Eaſt and Weft, which happens at Y in 
the Northern "Tropic, after Six in =" 7 wk dm nc 
before Six in the Afternoon, and uice verſa at W in the 
Southern Tropic. yes 5 V 

17. It is found by Ohſervatian, that the Air is not 
abſolutely dark, till the Sun is depreſs'd about 18 De- 
grees below the Horizon, viz. at 7, that is, till the 
Angle h Ci g 18% = HM ; and drawing MW parallel 
to the Horizon H O, it will repreſent the Cirele at which 
the Crepuſculum, or Twilight, begins and ends, in the 
ſeveral Points where it cuts the Parallels of the Sun's 
Declination, as at G in the Tropic PL, and at F in 


| N 4 the 


3 


A$TDEONOM Ef. 
at a Mean between the greateſt and this 


leaſt: All which Particulars conſtitute that 


agreeable 


Arch OR is lefs'than OV, and fo the Tropic TR 


will not touch the Circle MV at all; which ſhews that 


for ſome Time in the Middle of Summer there is no dart 
Night : And this happens between May 23 and Fuly 22. 
See my SyNoPs3s SCIENTIE, CoOELESTIS, on kg * 
Imperlal Sheet, New-Stile.” © „ 
18. Moreover it is evident that CF = K G, becauſe 
PLis parallel to E Q; the Time, however, of deſcrib- 
ing CF and K G will not be the ſame; from whence 
it appears there is a certain:Parallel in which the Twi- 
light will be the /eaft of all, and another in which it will 
be a Maximum or greateft. ' The former is when the 
Sun has 6®'7 South Declination, iz. in Libra &, or 
Piſces x 17 300, which happens March 7, and Od. 
ber q, in the preſent Age: And 'tis plain the Twi- 
light is greateſt of all in the Parallel which touches the 
Point V, on May 23 and Fuly 22, as aforeſaid. Note, 
How the Time of the leaft Duration of Twilight is 
inveſtigated may be ſeen in the beſt manner in Dr. Gre- 
gory's Elements of Aſtronomy; and I would have Fa 
It here, but that it is very tedious, and in itſelf a Mat- 
ter of little Importance. 7 
19. It is a Problem of much greater Conſequence 
and Curioſity, to determine the Ratio or Proportion of 
Heat which any Place receives from the Sun in any " 


of the Year. In Order to this it muſt be conſide 
that the Quantity of Heat will be as the Time, if we ſup- 
poſe the Sun to have the ſame Altitude; and as the Sine 
of the Altitude, if the Time be the ſame. Therefore if 
neither the Time nor Sine of the Altitude be given, 
the Quantity of Heat will be as the Rectangle or Pro- 
duct of bot. 6 | 
20. Therefore let a= Sine of the Latitude Z; its 
Co-fine (or Sine of Z N) ; the Sine of NS. 
and of its Complement (or Declination) S D 4; the 
Ling of the Hour from Noon (or Angle ® N D) = 2 
p< > 24 RS ITY | , * & * = 
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ASTRONOMY 


ierceable Seaſon e call the SyRING3/the 


Middle of which is ſhewn by the Index ti 
be the 11th of March, as this Machine was 
made for the Old-Stile. 0 2 


its Arch E D 25 ; and 2255 — 13 then is * ys 
= Co-ſine of the Angle Z NS (vez. Sine of the Angle 
DNC) and (per Spbories we have/bry/. t— #x<@l 
= Sine of the Sun's Altitude 8 B; which multiplied 

the Fluxion of the Arch of Time = will produce the 
Fluxion of the Sun's Heat, iz. & X be * 1 —8 4 4 d. | 
Or, putting b c = g, 4 1 —x* =, ad=f, we have 
the Fluxion of the Heat =2=X gh +f FALL 
21. Now to find the Value of z, let A BE, BE 
its Sine, E C the Co-ſine, and Radius CB; and ſuppoſe 
F G drawn infinitely near to EB, and BD parallel to 
AC; then 'tis evident from the ſimilar Triangles EBC 
and BDG, That EC: BC: DPG: GBS or Y: 1 E 
5 ; Wherefore _ X ES 222 


2 Fluxion of the Heat, whoſe Flaent is x g if Zz 


which therefore is as the Quantity of Heat from Noon 
to the given Time, as required, _ * 

22. From this Theorem we may caleulate the Heat 
of any Day in the Year in any given Latitude required; 
of which i ſhall give the ſeveral following uſeful Ex- 


x:z, whence z = 


amples. Let it be required to e the Heat dn 


Eguinoctial Day under the Equator. In this Cale the 
Latitude of the Place is Nothing, therefore a o; 
conſequently fz a dx SO. In the other remainin 
Part xg =xbcr, b=1, c=1; therefore the Heat wil 
be as x; and ſince the Semi-diurnal Arch is go Degrees, 
the Heat of the half Day will be as x = 1, and of the 
whole Day the Heat is as 2, + 1 

23. Let the Heat of an Equinoftial Day be required for 
the Latitude of 51% zo; then becauſe in this Cale there 
t5 no Declination of the Sun, 4 = o, and fo a dx = * 
CTY. Y 5 87 05 An 
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As the Earth paſſes on from Weſt ts 
Eaſt, through Libra, Scor pia, and Sagittu. 
And ſince NS = go, we have c= 13 and for the Se. 
mi-diurnal Arch = 90?, x=1 alſo ; therefore the Heat 
is as b , 6225 = Co-fne of the Latitude, which for 


the whole Day is 1, 245, and which is to that under the 
Equinoctial as 13 to 2 nearly, At the Pole J o, 


therefore the Heat of an Equinoctial Day at the Pole; 


is nothing. Laſtly, in the Latitude of 60 the Heat 
of ſuch os is half that under the Equator, or 1; be, 
cauſe then þ = + Radius, or 0,5, 5 | 

24. In the next Place, let us calculate the Heat of the 
Summer Tropical Day. Here we have the Time of the 


Day 8 Hours 12 Minutes nearly; therefore the Arch of 


the Equator which paſſes the Meridian in that Time is 
123 g. And becauſe when Radius is 1 the Cireum. 
ference is 528315. therefore ſay, As 360: 6, 28318 3 
Z: gs = 0,01745329 2, the Length of the 


Arch z in the Meaſure of the Radius. Therefore we 


ve | | | 

The Logarithm of the Sine z = 123*= 2.089905 
The Logarithm ——— 0,01745 =.8.241795 
The Logarithm — — 4 = 51* 30' = 9.893544 
The Logarithm d = 23® 30 =9.600700 


Total, the Logarithm.of gd = 0,6698 = 9.824944 
25. Then for the other Part of the. Theorem, vis, 
b c, 15 have | 
. The Logarithm of the Sine x =-57* 00"= 9.9235 
The — — = go 2 —— 
The Logarithm —<——— © = 66% 30/ = 9.9623 


Total, the Logarithm of x bc = 0,4788 = 9.6801 
"Therefore the Heat of balf the Day AFR n 
= 1,1486 ; and of the whole Day it is 2,2972, Al 

twice as great as that of the Equinoctial Day with us, 
and greater than the Heat of ſuch a Day to thoſe w 
live under the Equator, +; Ip 


26, To 


Ä a — A. QanNt© KS ST % = Coacs 


<- * ww woo 1 e e 9 aA» © ww” 4 OS 


"I" "IO 


Þ aa Me; sS ww VT” ww WS 


Tropica) Sun. 


ASTRONOMY. 


rius, to the Beginning of Capricorn, the 
Sun will appear from the Earth to move 
through the oppoſite Signs of the Ecliptic, 
viz. Aries, Taurus, Gemini, to the Begin- 
F 1757 | 8 
26. To find the Expreſſion of the Winter Tropical 
Day, we have the.Semi-diurnal: Arch z = 57, and the 
feſt the ſame as befofe. Therefare., ', EO 
' The Logarithm of Sine z = 57* = 1.755875 
The Logarithm:of ——: 0, 01745 . 8.241795 
The Logarithm of —— 44 9.494244 


Total, the Logarithm of a dz= 0,3104 = 9.491914 
Then x b c — adZ = 044788 —0,3104 = 0,1684, and 
ſo 2 X 0,1684 , 3368 = Heat of the whole Day 
pon is almoſt 7 times leſs than that of the Summer 
I TOPIC, oon gau BAT I Nn 

27. The Sum of the Heat of the two Tropical Days 
is 2,2972 + 0, 3368 = 2,634; which is greater than 
the Heat of two Equinoctial Days with us, which is but 
2,49. Hence by means of the Obliquity of the Ec- 
liptic, we who live beyond the Tropic have much more 
of the Sun's Heat than we could have enjoy'd had the 
Sun moved always in the Equinoctial. And on the 
other hand, it will be found by Calculation, that for 
thoſe who live between the Tropics and the Equator, 
the Sum of the Heat of any two oppoſite Days of the 
Year is leſs than the Heat of two Equinoctial Days; 
and therefore the Heat of the whole Year is leſs in the 
preſent Caſe, than it would be from a conſtant Equi- 
noctial Sun. nnn, fiend dun. Frith ens. 
28. Laſtly, let it be required to calculate the Heat of 

Polar Day, or that under the Pole, for the Tropical 

un. In this Caſe hg, and xg=xbc=0; alſo a=1. 
Whence the Heat of any Day under the Pole will be ag 
d, or Sine of the Declination, becauſe 'z is here always 
the ſame, viz..a Semicifcle, or 180 Degrees. And un- 
der the Pole the Value of dz is thus expreſſed for the 
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ning of Canter; during Which Fine by 
the e Poſition of the Earth? * 


The Logarithdi o Sine = 23 30. 00 
The Logarithm 1 8 210 ors 73 


The , rl of — * 745 = 8.241795 
Farmen 3103-4230 0 3 © 0 
Total, the Legions of 4 LACS = 0.09965 
The Double of which is 25045 which therefore ex. 
preſſes the Heat of à Tropical En _ uy 6 — 
which is greater than the Heat 
other Latitude. Hence we ſee the * je) RY 
well as of Cold, is found i in the ſame A vix. under 
2 Re, 
It is a Problem of 2 fort, » find whe 
10 bat is « Maximum, or 5 al in atty gives 
Day. In order to ſolve this, ah the Semi-diurnal Arch 
Sa, z = Arch of the Hour from Noon, 5 = 
of the Sines of 4c wang w_ Declination, and c æ 
angle of their Co- ſines hen { per Spherics, and 7 
. Series) we have the — of the Hour tu 
Noon = 1— 4 2˙ + &2* — Nez, Sc. and the dine 
of the Sun's Altitude 2 -e + en — 5300's), 
tc. +6, This multiply by a+z EAS Faced? 
— Iz) + aint + on) ts a cz) = HH, 
Sc. + ab +2b; which therefore is proportional to the 
Sun's Heat, And this is greateſt when its Fluxion's 
equal to Nothing, viz. 2 +bz—acz&—}e = + 
zac men- b , Cc. o. Then 
dividing by s, c + - cz -A ZA 
c2*—333@c25, Cc. o; hence 22 ＋ — 


ac 


* 


244 120 


the Series we have = = A- rA = 3X 474 | 


* A, Cc. 
30. From 
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ASTRONOMY; 


the Northern Parts will be gradually turg'd 
towards the Sun, and the Sauthern Parts from 
it; whence the Sun's Rays will fall more 


and more directly on the former, and paſy 


through a ſtill leſs Quantity of the Atmo- 


ſphere ; but in the Southern Parts, the re- 


verſe. Alſo in the Northern Parts, the 


Arches of the Parallels in the enlighrend 
Hemiſpbere will continually increaſe, and 
thoſe in the dark one decreaſe, ſhewing the 


conſtant Increaſe of the Days, and Decreaſe. 
of the Nights: all which will be in their 
greateſt Degree when the Sun is arrived 


to Cancer; and therefore that will be the 
Middle of that Seaſon we call SUMMER, in 


Northern Latitude; but in Southern Lati- 


30. From this Theorem it will be eaſy to compute. 
the Value of z, or. the Time from Noon when the Heat 


is greateſt on 3 Day. For Example: Let it be 


required for the Day of the Summer Solſtice in the La- 


titude of 51 30% when the Declination is 239 300. 
Then ſince (by Art. 24, 25.) we have 4 = 2, 146, 
So, 3121, c 0,5709, 6 +c = 0,883, and ac= 
1,2253 therefore — A o, 7207. Whence by 
| v7 | 
the three firſt Terms of the Series we ſhall have z = A 
—rA*+277 —$X A? = 0,7862. Therefore ſay, 
As the Circumference 6,283 : 3609 : 0,7862 : 48 
nearly, Whence, by allowing 159 to an Hour, it ap- 
pears that the hotteſt Time of tle Day is Three o' Cloct in 
the Afternoon, "> | 
' fude 
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tude every thing will be the ere, and 
their Seaſon Winter. 

Tae North Frigid Fore is now nel 
enlighten'd, and the Pole turned towards 
the Sun as far as poſſible; but now as the 
Earth moves on, the Nerth' Pole returns 
the Diurnal Arches begin gradually to de- 


creaſe, and the Nocturnal to increaſe; ati 


of conſequence the Sun's Rays fall more 
and more obliquely, and his Heat propor- 
tionally diminiſhes till the Earth comes 0 
Aries, when the Sun will appear in Libra; 
and tlius produce an Equality of Light and 
Heat, of Day and Night, to all Parts of 
the World. This will be the Middle of the 
Seaſon call'd AUTUMN, and that Day the 
Autumnal E zuinox. 


Bur as the Earth goes on through Aries, 


Taurus, and Gemini, you will ſee the Sun 
paſs through rhe oppoſite Signs of Libra, 
Scorpio, Sagittarius, The North Pole is now: 
in the dark Hemiſphere; and the Frigid Zone 
is now more and more obſcured therein: 
All Northern Latitudes continue gradu- 
ally turning from the Sun; and his Rays 
fail more and more obliquely on them, 
and paſs through a larger Body of the At- 
moſphere : The . zcfurnal Arches continue 
to increaſe, and the diurnal to decreaſe: 
All which contribute to make the diſmal 
dreary 


ASTRONOMY. x9E- 
dreary Seaſon we call WINTER; the Midſt 
— is ſhewn by the Sun's entering the 
ficſt Scruple of Capricorn on the 10th of 
„ Dernber (Old-Stile) as by the Index mar 
; be ſeen. 
; LasTLY: As the Earth journeys on 
, from thence through Cancer, Leo, and Vir 
2, the Sun appears to paſs through Capri- 
i corn, Aquarius, and Piſces; and all Things 
J change their Face, The Northern Climes 
begin to return, and receive more directly 
1 the enlivening Beams of the Sun, whoſe Me- 
4 ridian Height does now each Day increaſe; 
f 
e 
2 


the Days now lengthen, and the tedious 
Nights contract their reſpective Arches ; 
and every Thing conſpires to advance the 
delightful Seaſon of the SPRING, the Midſt 
whereof is ſhewn' by the Earth's returning 
again to that Point, where firſt we gave it 
Motion. . 

ALL theſe 1 of the Seaſons, 
Ec. are ſhewn' as well for the Southern La- 
tudes, where at the ſame Time they hap- 
pen in Order juſt the reverſe to what we 
have now obſerved for the Northern. Thus, 
when it is Summer with us, it is Winter with 
them, and they have their Days ſhorteſt 
when ours are longeſt; and vice verſa. 
All which is moſt diftinctly ſeen in the Or- 
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Ar thi fame Time the Earth is Sag 
round the Sun, the Moon is ſeen conſtantly 
circulating round the Earth once in 29 
Days and a half; which Days are num« 
ber'd on a ſilver'd Circle, and ſhewn by 

3 an Index moving over them. Thus each 
Day of the Moon's' Age, and the Pi, 
proper therets, are ſhewn for any required 
Time; and alſo why we ſee always one and 
the ſame Face of the Moon, vis. on Aceoiunt 
of her turning about her own Axis in the 
fame Time ſhe takes to” "ons! abet de 
Earth. © 

AGAIN: By placing: a Lamp in ths Orc 

rery, and making the Room dark, we fee 
very naturally how the Sun it eclipſed by 
the New Moon, and the Shadow-palling 
over the Diſk of the Earth; and alſo hom 
the Moon, at Full, is eclipſed by paſſing 
through the Shadow of the Earth. Here 
alſo we ſee the Manner how Mercury and 
Venus tranſit the. Sun's Face in Form of 
"dark round Spot; and "alſo why they can WM fie 
never appear at a great Diſtance from the * 
Sun; and various OR FRE of the by 
like Nature re Wl the 
8 Tur the 


(CXLUI) 1. The Dodirine of Reazroms is next to * 
be explained. The Sun being a luminous Body, yaltly wh 
larger than the Earth, will enlighten ſomewhat mor BY be 
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Machine, which exhibits an Idea of the 
| * 


than one Half of it, and cauſe the Earth to prgject a 
long conical Shadow, as is repreſented in the Figure, 
where S is the Sun, E the Earth; and HB D its 
Shadow. - a; 1288 SS W 

2. In order to find the Bxtent or Magnitude of the 


Farth's Shadow, the Lines being drawn as in the Fi- 


gure, in the Triangle 8 B M; the outward Angle SDA 


=DSB+DBS, the two inward and oppoſite Angles ; 
but the firſt, iz. D 

Semidiameter C D appears at the Sun, which is not 
ſenſible; therefore DB 8, the Semi-Angle of the Cone, 
is equal to A D S, which is the Angle under which the 
Sun's Semidiameter A 8 pears at h Earth, which in 
its mean Diſtance is 16 Minutes, A ho 


' 3. Hence we can find the Height of. the ſhadowy 


Cone C B; for in the Right-angled Triangle C 

there is given the Side C D = 1, and the Angle CBD 

= 16 Minutes ; therefore to find the Side C B, ſay, 
As the Tangent of CBD = 06? 16'= 7.667849 
Is to the Radius 90 ©0.= I0:000000 
So is Unity * 1. c, 


To the Length of the Side CB = 214,8 = 2.332151 

4. The Height of the Earth's Shadow being at the 
mean Diſtance of the Sun 214,8 Semidiameters, when 
the Sun is at its greateſt Diſtance it will make C B 
217 Semidiameters of the Earth, which is its greateſſ 
Height, Hence we ſee the Height of the Shadow is near 
three times as great as the mean Diſtance of the Moon 
or 60 Semidiameters: But the Height of the terreſtri 
Shadow falls far ſhort of the Diſtance of Mars, and 
therefore can involve no one of the heayenly Bodies but 
the Moon, | | | 12 

5. After the ſame Manner it may be ſhewn that the 
Angle of the Moon's Shadow (and indeed of all Spheres 
whole Semidiameters bear no ſenſible Proportion to their 

ſtance from the Sun) is of the ſame Dimenſions with 

Vol. III. 3 that 
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Tux COMETARIUM. is a very curious 


8 B, is that under which the Earth's 
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Motion or Revolution of a Comet abodt 
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the Sun; and as this Sort of Motion is Ml © 
„Illner Dane nl N 0 
that of the Earth; whence thoſe Cones are fimila; 
Figures, and ſo have their Heights proportional to the by 
Diametets of the Baſes. Therefore ſay, As the Diathe- M. 
ter of the Earth 100 is to the Diameter of the Moon b 
28, ſo is the Altitude of the Earth's Shadow 214, to car 
the Altitude of the Moon's'-Shadow 60 £34, of the do\ 
Earth's Semidiameters,. The Shadow of the Movi thi 
therefore will juft reach the Earth in her mean Dif- Me 
trance, which it cannot do in her Apogee; but in her cor 
Perigee it will involve a ſmall-Part of the Earth's Sur — 
face. as l 
6. Beſides the Dark Shadow of the Moon, there is Wl *'ic 
another called the Penumbra, or Partial Shadow; to Wl =! 
repreſent which let 8 be the Sun, T the Earth, P the As 
Moon; and let K CF and AB E be two Lines touch- Lt 
ing the oppoſite Limbs of the Sun and Moon; then oy 
evident that CFE B will be the dark or abſolute Sha- 
dow of the Moon, in which a Perſon on the Ear To 
Surface between E and F is'wholly deprived of the Suu Wl W. 
Light. Moreover, Let K B G and AC H be two other and 
Lines touching the Sides of the Sun and Moot alter- ſure 
nately, and interſecting each other in the Point I above Sha 
the Moon.” Then will HC'BG be the Penumbra above- 0 
mentioned, and is the Nuſtum of the Cone G IH; Pen 
for *tis evident that a Part of the Sun will be ſeen and ere: 
Part thereof hid to a Spectator on the Earth's Surface and 
| between F and H, and E and G, or in other Words, pa 
the Sun in thofe Parts of the Earth will appear only es 
partially * $58 n hnd 
7. Tocalculate the Angle of the Cone H TG, draw Caſe 
SB, then in the oblique Triangle BIS, the externat DT 
Angle BID is equal to both the jnward and oppoſite 11 
Angles 1 ; S and [SB but I'S B is that under which Wil Le 
the Semidiameter of the Moon appears at the Sun, and TI | 
is therefore inſenſibly ſmall ; whence the Angle 515 3 
IBS or K BS the apparent Semidiameter of the Bl © 1 
c 


Sun. Fherefore the Part of the Penumbral 82 
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not performed in cireutay, but very elliptic 
Orbits, ſo in this Inſtrument, a peculiar 
Con- 
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CIB is nk and fimilarito-the\ dark Shadow of the | 


Moon. 


$. Let us now ſee duns ah 4 the Earth's — 


can be at any Time involved in the Moon's dark Sha 


dow, or the Quantity of the Arch E F. In order to 


this let us ſuppoſe the Sun to be an Apogee, and the 
Moon in Perigee; and in that Caſe the Height of the 
conical Shadow will be about 51 demidiameters, and 
the Diſtance of the Moon about 56; chat is, (in Fig. 4.) 
DK =61, DT z= 56, and TE'=n; In this Caſe 
alſo the Half-Angle of the Shadow TK E = 15 50” , 
as being leaſt of all. Therefore fay, 

As Unity, or the Side E=1=0. 

Is to the Side | TK = 5 = 0.698970 
So is Sine of the Semi- angle TKE=15 5 — . 663238 


To Sine of the Angle TEK = 1* 1 10088. 362208 
Wherefore T E K+ TREZAT = AE=135, 
and ſo F E = 3% 10' =190' = 220 Miles Statute Mea- 
ſure; which is therefore the Diameter of the dark 
Shadow on the Earth's Surface when greateſt. 


9. After a like Manner you find the Diameter of the 


Penumbral Shadow at the Earth, as G EF H. when 
greateſt of all, that is, when the Earth is in 1*%rihelio, 
nd the Moon in her Apogee ; for then will the Sun's 
apparent Diameter be equal to 16' 23”= T 1G, the 
preateſt Scmi-angle of the Cone; and thence we ſhall 
hnd ID - 581 Semidiameters of the Earth. In this 
Caſe alſo a Diſtance of the Moon from the Earth is 
DT = 64 Semidiameters. Therefore, As TG I: 
IIS 122+ :: Sine of the Angle TIG = 16 27”: 
dine of the An ole IG Nim 40! But IGN = 
T1G+ITG, and ſo T IGN 16 S. 


35253 the double of which is 70% 50 = GEFH 

= 4900 Ergliſh Miles nearly. 
10. Since an Eclipſe of the Sun proceeds from an 
interpoſition of the Moon, *tis evident, if the Sun and 
O 2 Moen 


pl. Lx. 
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to effect it; of which we have given 4 


came between the Sun and Earth, that is, at every Ni 


the Moon's Orbit in the Plane of the Ecliptic; 
when the Moon comes to be at B in the Right Li 


As TRON OM. 
Contrivance by elliptical Wheels is tecellary 
4 | Print 


Moon were always in the ſame Plane, there would ne 
ceſſarily be an Eclipſe of the Sun every time the Mo 


Moon. For let X be the Sun. T the Earth, and FBG 


TX, which joins the Centres of the Sun and 
it will be exactly interpoſed between the Sun and a 8 
tator on the Earth at V; and ſince the apparent M 
nitude or Diſk of the Sun is the ſame nearly with 8 
of the Moon, it muſt neceffarily be hid behind the 80 
Diſk at that Time, and ſo eclipſed from the Sight oi 
Spectator ;- and this muſt be the Caſe whenever 
Moon comes into the ſaid Line or Point B, via. 
New Moon. | | | + 
11. But if (as the Caſe really is) the Orbit off 
Moon he not in the Plane of the Ecliptic, but in 
thereto under a certain Angle, there may be a Wl 
Moon, and yet no Eclipſe of the Sun at the 
Time. To illuſtrate this, let AB CDE bea 
in the Plane of the Ecliptic, deſcribed at the Dn 
of the Moon's Orbit AGH, and interſecting thi 
in the Points B and D, making an Angle therew 
ABF, ' whoſe Meaſure is the Arch GC, asf 
Degrees diſtant from the angular Points on 
B and D. | : 
12. Now 'tis evident, if the Areh G C be ſoi 
greater than the Sum of the apparent Semidiam yl 
the Sun and Moon then at G, and ſome Diſtanq m 
G towards B, there may be a New Moon, and 
Eclipſe of the Sun, becauſc in this Caſe the Dili e 
Moon G is too much elevated or depreſied ay” 
below the apparent Diſk or Face of the Sun Ce 
it, much leſs to hide or eclipſe any Part there 
evident from the Figure, = 
13. At a certain Point M in the Moon's Olly he 
Moon will have a Latitude equal to = Sum 
| emiq 
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print in Plate X 


peared 


gemidiameters of the Sun agd Moon; 'and- therefore 
when the Moon is new in that Point, ſhe will appear 


fran whence this Point is called the Ecliptic Limit, in- 
aſmuch as it is impoſſible there ſhould happen a New 
Moon in any Part between this and the Node D (on 


in the Node itſelf B. 
14. What we have hitherto ſaid * been with regard 


appear to a Spectator on the Earth's Surface, in whoſe 
Zenith the Moon then is, and where there is no Re- 
fraction to alter the true Latitude of the Moon : But 
where the Moon has any Latitude, there the Proceſs 
of calculating the Appearances of a Solar Eclipſe will be 
ſomewhat more complex, on Account of the Variation 
ode Moon's Latitude and Lonyitude for every different 
ö _— and conſequently every Moment of the Eclipſe. 
But that I may give a clear Idea of this Affair of 

Ref ations, let ABD be the Surface of the Earth, M 
the Moon, S the Sun, ſeen from the Centre abs the 
Earth Tin the ſame Point of the Heavens with the 
Moon, and conſequently centrally ** to a Spectator 
at C, in whoſe Zenith the Moon is: But to à SpeRator 
any where elſe ſituated, the ſame Phenomenon will not 
happen in the ſame Circumſtances, if at all. Thus a 
Spectator at B will view the Moon in the Direction of 
the Right Line B MN, and fo her apparent Place in 
tht Heavens will be at N, where it is evident her upper 
will þut juſt havch the lower Limb of the Sun, 
o will not eclipſe it at all: Rut to a Spectator any 
between B and C the Sun will appear to be 
12 eclipſed leſs or more, as you go from B to- 
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' This Arch SN in the Heavens is called the Pa- 


O 3 


to a Spectator in the Point Z to touch the Sun only; 
each Side) without eclipfing the Sun leſs or mote; as 


you ſee the Partial Eclipſe at K, A the 74 "Eclipje 


to the Phenomena of an Eelipſe of the Sun as they 


or Difference between the true and . 
4 | : 


gn in this Machine 3 is that which ap- 
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is 75 Tears and a half, and therefore will 
4 1 10 | | | again 
of the Body at M, and is equal to the Angle 8M o+ 


| BMT. Now. this. Angle or Parallax is conſtantly 
diminiſhing, as the Pen at M approaches to- 
wards the Zenith at E, where it entirely vaniſhes ; but 


increaſes as it approaches the Horizon at G, where it is 
greateſt of all, and is there; called the Horizontal'Pa. 
rallax, which in the Moon amounts to a whole Degre, 
as was thewn Annot, CXKXKNY. + Tr 

17. It is here obſervable, that the Parallax always 


depfeſſes the Object, and therefore when the Moon ha 
North Latitude it is diminiſhed, but the South Latitude 


is increaſed, with reſpect to us; and ſo the Ecliptio 
Limits are variable in every particular Latitude. Buta 
Solar Eclipſe may in an abſolute Manner be beft repre- 
ſented by a Projection of the Earth's Diſk, and of the 
Section of the dark and penumbral Shadow of the 


Moon, as oy appear (or would appear) to a SpeRa- 
tor at the Diſtance of the Moon in a Right Line join- 


ing the Centres of the Sun and Earth. 


18. In order to this, we are to find the Dimenſions 
of the apparent Semidiameters of the Earth, dark Sha- 


do, and Penumbra, at the Diſtance of the Moon. As 


Pl. LXI. 
Fig. 2. 


to the fiſt, viz. the Earth's Semidiameter, it is equal 
to the Moon's horizontal Parallax, as we have ſhewn. 
That of the dark Shadaw is thus eſtimated : Let © be 
the Centre of the Moon, D B its Diameter, DHB its 
dark Shadow, and K A L the Penumbral Cone. Then 
let E F be the Diameter of the Penumbra'at the Earth, 
and I G that of the dark Shadow, and draw C G and 
CE; then is the Angle CGB= BHC + HCH, 
and fo GCH=BGC—BHC; that is, the app 
rent Semidiameter of the dark Shadow is equal to the 
Difference between the apparent Semidiameters of the 

Moon and Sun. (See Art. 2. and 5.) 
19. In like Manner the Angle E CH = DEC+ 
DAC, that is, the apparent Semidiameter of the F. 
' zumbra at the Earth is equal to the Sum of the apps 
rent 


— — hd ˙— — = — — — A = — — — *y 


2 


24 


As TARO 199 
again appear in 1756. By this Piece bf 
Machinery is ſhewn the wiegual Motion of 

a Comet 


rent Semidiameter of the Moon and Sun. (See 82 
Now the Semidiameters of the $un and Moon, and alſo 
the Moon's horizontal Parallax, are already calculated 
for the various Diſtances of the Sun and Moon from 
the Earth, and for leaſt, mean, and greateſt Eccentri- 
cities of the Lunar Orbit, in the onomical Tables. 
20. Therefore let A E repreſent a ſmall Portion of p 
the annual Orbit, and F H the viſible Path of the Centre . LXI. 
of the Lunar Shadows, which will exactly correſpond Fig. 3. 
to the Poſition of the Moon's Orbit with 1 85 to 
the Ecliptic in the Heavens; and therefore the Point of 
Interſection & will be the Node, and the Angle H g E 
the Angle of Inclination of the Lunar Orbit to the 
Plane of the Ecliptic, which is about 5 Degrees. 
21, Hence if P QS repreſent the Diſk of the 
Earth (according to the Orthographic Projection) in the 
ſeveral Places , B, C, D, whoſe Semidiameter is 
made equal to the Number of Minutes in the Moon's 
Horizontal Parallax at the Time of the Eclipſe ; and 


ons if in the Path of the Shadows in the Points , R, N, G, 
ha- we deſcribe a ſmall Circle whoſe Semidiameter is equal 
As to the Difference between the Semidiameters of the Sun 
ual and Moon, that ſhall be the circular Section of the 
wn, Moon's dark Shadow at the Diftance of the Earth: 
; be (by Article 18.) Laſtly, if on the ſame Centre we de- 
It {cribe a larger Circle, whoſe Semidiameter is equal to 
hen the Sum of the Semigiameters of the Sun and Moon, 
rth, that ſhall repreſent the Section of the Penumbral Sha- 
1 2 (by Art. 19.) and is here ſhewn by the dotted 
, rea. 

ppa- 22, Here then it is evident, if the Moon, when New, 
the be at the Diſtance 8 G from the Node, the Penumbral 
"the Shadow will not fall near the Earth's Diſk, and fo 


there cannot poſſibly happen any Eclipſe. If the Moon's 
5 + Diſtance from the Node be equal to g N, then the 
Pr Penumbral Shadow will juſt touch the Diſk, and conſe- 
PP. quently 2 C the „ which may be found 
| 14 | « 
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1 ce Ur e fee fra Ont 
how from thence it moves with a retard 
SM! 5) | Velocity 


25 follows. The Line {+ being the TH 
tance; of the The 5 Ve e 555 
F e to the Path F H, "fy is equa 

IT = 62 10” 4 16 52 v4 115 oy 25 905 
the Moon's 2 tal ara a, apd of the Semidiame- 
ters 0: the Sun KS Moon, [ of them when greateſt: 
Alſo the An le N & 1 when leaſt, is 5% 300 Thete: 
fore in the Right.an led Jiang gle N & C, to find 
Side C, we have 21, 0 follow g Analogy. 
As the Sine of the ages, > 8 530 8. a 


Is to Radius x en 90 o 2 10,000000 
So is the Logarithm of he Side 29 7.383 185955 


To. = Fr; rithm of the Side 2 C=99 654. 2. 2.06843 4p 
The Elf tic Limit, N is 996,4 21 


ich Diſtance from the Node & there ein 


1 ond 
ay, no 18 and within that Diſtance if the Moon 
be New, the Shadow will fall on ſome Part of the Dif, 
as at B; where all thoſe Places over which the Shadows 

aſs will ſee the Sun eclipſed, in part only by the dotted 

enumbral Shadow, but totally by the dal. Shadow and 
the Sun will · be centrally eclipſed to all thoſe Places over 
which the Centre of the Shadows paſſeth. 

24. If the Moon be new in the Node itſelf, then wil 
the Centre of the Shadows paſs over the Centre of the 
Diſk, as repreſented at . In this Caſe if the apparent 
Diameter of the Moon be greater than that of the Sun, 
the Face of the Sun will be wholly obſcured to all Part 
over which the Centre paſſes ; but if not, the Sun wil 
only be centrally eclipſed, but his Circumference wil 
appear a bright Annulus, or luminous Ring, whoſe 
Width will be equal to the Difference of the Diamete 
of the Luminaries. _ 

25. As the Diſk of the Earth is here projected, it 
repreſents the Caſe of an Eclipſe on an EquinoZial Dn, 
io that AK is the Ecliptie, A Q the * X = 
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Shadows pas. Ae . 
27. Ay a Lunar Eitipþ is occaſioned by the Im- 
merſion of the Moon into the Earth's Shadow, we have 


An 


velocity till it arrives at the Aphelion Point, 
where it moves loweſt. of all; and: from 
; , thence 


Axis of, the Ecliptic, PS the. Axis of the Equator or of 


the Earth, P and 8 he Ne and South Poles ; beſides 
the Tropies and Polar Circles, here repreſented by Right 
Lines, as in the common. Analemma. ' And by thgſe whg 
underſtand this Projection, the Diſk of the Earth and 
the Paſſage of the Shadows ober it tr ay be exhibited 
ſor any Place of the Sun, or Declination of the Moon; 
ſor which * Young Trigonometer”s Guide, Vol. II. 
26. Lunar Ectirsks are not quite ſo complicated 
in Theory, nor near fo tedious and difficult in Calc .la- 
tion, as Solar ones, "The latter are only apparent, the 
former really ſuch.; that is, the Moan is really deprived 
of its Light, and thergfgre muſt appear obſcured to all 
the Inhabitants of the Earth equally, by whom ſhe can 
be ſeen; whereas the Sun, not being deficient in Light, 
will ever appear ieſplendent to thoſe Who do not ha 
pen to live on that Part of the Earth where the Lunar 


* 
"7 


only to calculate the app rent Semidiameter of the Earth's 
Shadow at the Moon, in order to delineate an Ecligſe 
of this Sort. Thus let AB be the Earth, T its Centre, 
AEB its Conical Shadow, D C the Diameter of a 
Section thereof at the Moon; and drawing TD, we 
have the outward Angle ADT =D T E DE T3 
therefore DT ES ADT - PET; that is, the 
Angle DT E, under which the Semidizmetex of the 
Earth's Shadow at the, Diſtance of the Moon appears, 
is equa] to the Difference between the Moon's Hort: 
zontal Parallax A D T, and the Semidiamcter of the 
Sun DEF. „ | 
28. If therefore A E repreſent the Path of the Earth's 
Shadow at the Diſtance of the Moon near the Node g, 
and FH a Part of the Lunar Orbit, and the Section of 
the Earth's Shadow be delineated at &, B, C, D, and 
the Full Moon at 2, I, N, G; then *cis evident, where 
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AsTRONOMY, 


thenee it is ſeen continoally aceelerating iu 
Motion towards the Pæwibelium, in ſud 
manner as the Laws of Attraction require, 
The Comet is repreſetited by a ſmall Braf; 
Ball, carried by a Radius Vaclor, or Wite, 
in an elliptic Groove, about the Sun in one 
of its Foci; and the Years of its Period 


are ſhewn, by an Index moving with an 


RI 


equable 


the leaſt Ihiſtanee of the Centres of the Moon and She 


dow exceeds the Sum of their Semidiameters, there can 
be no Eclipſe of the Moon, as at D. But where that 
Diſtance is leſs, the Moon muſt be partly or wholly'in. 
-volved in the Shadow, and fo ſuffer an Eclipſe, us at 
B and &; in which latter Caſe the Moon paſſes over 
the Diameter of the Shadow, - 

29. But in a certain Poſition of the Shadow at C, the 


leaſt Diftance of the Centres NC is equal to the Sim 


of the Semidiameters ; and therefore 8 C is the Feu 
Limit for Lunar Eclipſes : To find which, we have NC 
= 67 12” nearly when greateſt; and the Angle N C 
= 5 o. Therefore ſay | * $2 83a 

As the Sine of the Angle N S C= ; 00'= 8.940200 


Is to Radius 90* oo = 10,000000 
So is the Logarithm of the Side NC=63,2 =" 1.800917 


To the Logarithm of the Side 8 C=725',2 = 2, 860421 
Hence if the Moon be at a leſs Diſtance from the Node 
than 725, = 12% 5% there will be an Eclipſe; other- 


wiſe none ean hap 


n. 
30. If the Earth had no Atmoſphere, the Shadow 


would be abſolutely dark, and the Moon involved in it 


quite inviſible; but by means of the Atmoſphere many 
of the Solar Rays are refrated into and mixed with the 
Shadow, by which the Moon is render'd viſible in the 
midſt of it, and of a duſky red Colour, 


— OG 2 -A 3 


FLY! 


ed «at. Oak. Sos AS abt rr 


 — th. ©O@ AS KS 4+ coo. 


A8TRONOMY, 


equable Motion % -1a, graduated ſilxer d 


Circle: The Whole being a juit 'Repreſen- 
tation of the preſent Theory of thoſe prodi · 
gious and wonderful Phenomena of the Pla- 


netary Syſtem (CXLIV). „ 


N I, I ſhall here preſent the Reader with 
as large a Compendium of he NEWTONIAN COMETO+ 
GRAPHY as the Limits of this Work will permit, or, 
perhaps, as he may have an Inclination to read. Sir 
Iſaac has made the Doctrine or Aſtronomy of Comets the 
Jaſt Part of his immortal Principia, and declares it ta 
be by far the moſt diſſieult and intricate Part of Philo- 
ſophy. dof 4:35.1 $6121. Dalits 
« Comer is a Sort of Planet revolving about the 
Sun, in a very eccentric Orbit.or Elliphs, and; which 
conſequently approaches very near the Sun in one Part 
of its Orbit, and recedes to a very remote Diſtance from 
it in another. Hence tis evident, they muſt undergo 
extreme Degrees of Heat and Cold, Hence it aypears 
that the Comets are ſolid, compact, fixed, aud durable 
Bodies, and not a Vapour or Exhalation of the Earth, 
Sun, or Planets, as has been uſually ſuppaſed ; becauſe 
if it were ſuch, it muſt inevitably be diſſipated and diſ- 
perſed in paſſing ſo near the Sun: For the. Diſtance of 
the Comet of 1680 in Peribelio was ſo ſmall that it con- 
ceived a Degree of Heat above 200 times greater than 
that of red-hot Iron. uin? | | 
3. Yet are they not ſo fixed, but that they emita fine, 
thin, lucid Vapour ; which at firſt, while the Comet 
is yet a great way from the Sun, ſurrounds the Body in 
Form of an Atmoſphere, and begins to render the Comet 
viſible, As the Comet approaches nearer the Sun, this 
Vapour begins to aſcend from the Head or Nucleus, ta 
Heights greater and greater, as the Comet gets nearer 
and nearer to the Sun, and makes thoſe amazing Streams 
of Light we uſually call their Tails. All which is eaſy 
to conceive from a View of the Figure. | 
4. Theſe 
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clęus itſelf. 


lected by a Burning-Glaſs to a Focus, impel Lig 
. pendulous Bodies very notably, even ſo as to make them 


ASTRONOMY. 
\ 
4. Theſe [Tails alſo are fo fine and tramſlucid, that 


the Stars are diſtinctly viſible through them. As th 
riſe from the Head and aſcend, the bebe bibel 
and grow broader towards the upper End. The Fom 


of the Tail is well khown to all now 2 who ſaw 


the late Comet; in which we obſerve the Tail had 3 


| ſmall Flexure or Curvature, as they all have, being 
whi 


convex on the anterior Part, and concave behind, 


ariſes from the twofold Motion of the Particles of the 


Tail, the one of the Aſcent from the Head, the other 
being the progreſſive Motion in common with the M. 

ut as the former is much the greateſt, ſo 
its Direction is but little alter'd by the latter, and ſo 
the Poſition of the Tail but a little oblique and incur, 


ated, 1 
F. As to the Cauſe of the Aſcent of the Comets 


Vapour or Tail towards the Parts Le to the Sun, 

ere have been various Surmiſes and Cohjectures, ſy 
ſo I call them, as not being attended with Certainty end 
er tiny Kepler aſcribes it to the Action of the 


Sun's Rays rapidly carrying the Matter of the Tail away 
with them, And Sir Iſaac does not think it diſſonant to 
Reaſon, to ſuppoſe the ſubtil Æther in thoſe free Spaces 


ay yield to the Action and Direction of the Sun-Beams, 
Tt 1s certain from Experiments, that the Solar 7 


col- 
t and 


vibrate backwards and forwards : And though this Im- 


pulſion of the Rays of Light with us, in our groſs Me- 
1 — and on our ſluggiſh Matter, be incon 


gg iderable; 

et in thoſe free Spaces, and on the ſubtil Effluvia or 
Fine Particles of the Cometary Atmoſphere, it way he 
very great, I know there are other and later Hypo- 


theſes to account for the Motion and F orm of a Comets 


ail; but on Examination they appear to be inſuffi- 
cient, improbable, and unphiloſophical, and therefore 

ſhall not trouble the Reader with them. 
6. The Bodies of Comets are very ſmall, and above 
the Orbit of the Moon, as is evident from hence, that 
they have no perceptible horizontal or diurnal en 
and when view'd with a Teleſcope at their neareſt Dil- 
tances appear leſs than to the naked Eye, by having the 
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As TRONOM xv. 


— abated by being magnified.: The Nucleus of 
the laſt Comet meaſured but a few Seconds, as I found 
by meaſuring the Atmoſphere. by a Micrometer, and 
taking a proportional Part. 


are proved to deſcend within the Regions of the Planets z 
they alſo appear ſometimes direct and ſlower than they 
really move, ſometimes retrograde and ſwifter than the 
true Motion, and laſtly, they are ſametimes /ationary ; 


CXXXIX.) 4 | 3 

8. Since the Comets by Obſervation are found to de- 
ſeribe curve Lines about the Sun, they muſt be drawn 
by ſore Force from a rectilineat Courſe by the firſt Law 
ef Motion. And ſince this Force in all the Planets 
tends to the Sun, as being the largeſt Body in the Syſ- 
tem, therefore alſo this Force in the Comets reſpects the 
Sun in a more immediate Manner as being ſo much leſs 
than it than .moſt of the Planets are, And laftly, as 
this Force in the Planets is inverſely in the duplicate 
Ratio of the Diſtance from the Sun, the ſame Low is 
undoubtedly obſerved by the Comets, which are in other 
Reſpects Bodies ſimilar to the Planets. The Comets 
therefore move in Conic Sections about the Sun, having 
their Foci in the Sun's Centre. (See Annet. CNL.) 
9. Hence, if Comets return in an Orbit, thoſe Or- 
bits muſt be Ellipfes ; and their Periodical Times will 
be to the Periodical Times of the Planets in the ſeſ- 
quiplicate Ratio of the principal Axes: And therefore 
the Comets being for the molt Part beyond the Plane- 
tary Regions, and on that Account GY Orbits 
with much larger Axes than the Planets, revolve more 
ſlowly, Thus if the Axis of a Comet's Orbit be 4 
times as long as that of Seturn's Orbit, then would the 
Time of the Period of the Comet be to that of the Pla- 


net as 4 VA to 1, or as 8 to 1, viz. 8 X 30 = 240 
ears, | SP 

10. Since it is found by Obſervations that the Comes 
tary Orbits are extremely ecc2ntric, and that the Por- 


tion which a Comet defcribes during the Whole Time of 
| Its 


gor of their Tails taken off, and ihat of the At- 
7. On the other hand, by ts dt Parallax. they * 


all which Phznomena ariſe from the ſame Cauſes as 
were before explained of the Planets, - (See Annotation | 
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its Appearance is but ' Very ſmiall Part of the Whole, I vo. 
the Centre of ſuch an Ellipſis being removed go ſo vf ; 
a Diſtance muſt otcafion' the Curvature at each End will 
to be vaſtly near that of a Parabola having the fame 
focal Diſtance; and conſequently' the Motion f a ll ts : 
Comet may be calculated in a Parabolic Orbit without 
ſenſible Error:: Lo 365 
11. Thereſore the Velocity of à Comet in Piribdii mne 
vix. in the Vertex of the Parabola P) is to the mean PM 
elocity of a Planet deſcribing a Circle about the Sun, Wl = / 
at the ſame focal Diſtance SP, as Z to 1. And ”” 
ſuppoſing the Earth to be that Planet, let us put the * * 
Radius of its Orbit 8 P 109000, and then fay, As 1. 
the whole Periodical Time of the Earth 365" is to the . 
whole Periphery 628318, ſo.is 3 Day to 1720,2 Parts 7 
deſcribed in ene Day ; and in one Hour it will deſeribe ** 
71,67 Parts. But as 1: T:: 1720, 2: 24329747) oed 
the Parts deſcribed by the Comet in one Day; and o dec. 
the Faye deſcribed by the Comet in one Hour will be Fi 
101, 364. | | 1 D 
2 Whence if the Latus Refum L R of the Pars. ” 
bole be equal. to 4 times the Radius SP of the Earth's | " 
| inc 
Orbit, and we put $ P* = 100000000, the Area which equ⸗ 
the Comet will deſcribe each Day, by a Ray drawn * 
to the Sun, will be 1216373) of thoſe Parts, and each s n 
Hour an Area of 50682 4 of thoſe Parts. To demon- 
ſtrate this we muſt conſider, that the Square of the Di- Wl ve! 
ameter of any Circle is to its Area as 1: 0,7864 :: 41 
„14159; therefore the Square of Radius or PM = 1: WW; i 
hence the Arca of the Circle is to the ſaid Squaie 
PM as 3,14159 to 1. And the Rectangle PLS WM" 
But the Parabolic Arca PI. S = PL = =X 285 Ph 
Hence this Area PLS is to the Area of the Circle W. f 
2. to 3514159. And if the Velocity of the Comet "R 
and Planet at P were the ſame, the Time in which the | x 
Comet would deſcribe the Arch of the Parabola'PL 1 


would be to the Fime in which the Planet deſcribes its 
Orbit in the ſame Ratio of - to 3,14159, But theſe 
v | 3 


Velocitics 


As TpNOMY,} 


: V 2 hh 9989 4 40 
to 314159. wre ey. As 24750 i 
65 D. 6H: « 'D. 14 H. 460 the Time in which 


4: 3 wi Jeſcribe the wes”. P * If then P $* = 
P M = 100000000, we have the Parabolic Area PLS 


and therefore the proportional F arts for a. Day and Hour 
as above. 

13. What thoſe diurnd! and horary Areas are in dif 
ferent Parabolas may be thus ſhewn. ' Let pr g be a Pa- 


T of deſcribing the Arch P R be to the Time t of de- 
ſcribing the ſimilar Arch p r, as the periodical Time P 
7+ („describing a Circle on P'S to the periodical Time p of 


: P Sz Y 2 RI: vin T: t; alſo the ſimilar Areas 
PRS= A, and pr 8 Sa, are as the 8 uares of their 
like Sides PS and $5: that is, A: an R*:r*, Now 
fince in the ſame Figure equal Spaces are deſcribed in 


Tx 0 


— 
oc 


contained in T and t, the Areas A and @ will conſiſt of 
as many equal Parts reſpectively ; and which therefore 


we may call the T Part of A, and —Part of a, or x and 
A a R:. 7 * 
j; ſo that x: y : — n — : — 
N RVR Vr 

I. 


14. Let the Quadrantal Area P' SR of the Parabola 
PR Qbe divided into 100 equal Parts, that is, let A 


= 100; then == = 1 of thoſe Parts, and 0. =: * 


Again, let N be the Number of thoſe Parts deſcribe 


n Day; then will this Sunne Area be N X =y 


5 g 


> &S = 


— 
— 
* 


r = my 
- .. ww , 


3-7 8 82 


* 


LY 


2 *. as PET? CORO Times 
will bet Xx == „ ehe 1.0 «3 77 


= 133333333 Parts ra in 109 D. 14 H. 46; 


zabola ſimilar to the former P R Q; then will he Time 


deſcribing a Circle on p, by the laſt Article. But P: 


equal Times, whatever Number of Days or Hours are 


tv Ri 


—8 


* 
Mg 4 : 


— 
» 
a 
* = 2 
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tal Area pr S of the Parabola pr q be divided into m 
100 equal Parts, and  $ r, and #'= Number d 


thoſe Parts in the diurnal Area z then 2 A. Andh 
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x 
: 


15. In like Manner it is ſhewn, that if the 


N: 7: — 2 ww „NX. ifR=SP=;; 
Ri 11 Fa, la 
or the Radius of the Earth's Orbit. | an 
16. On theſe Principles the Cometary Calculus depend WI an 


for in any Parabolic Orbit the Quantity u =NX- * 


* 5 
is the diurnal Arta, and may therefore be eſteemed thi n 
mean Motion or Ancinaly of the Comet for a Day; which 
multiplied by the Time (expreſs'd in Days) before d 
after the Comet is in Perihelis at P, will give the whole 
mean Motion or Area PR Qs for any Place of de O 
Comet Q in its Orbit. In order to this we muſt hav 
the Time aſcertained from Obſervation when the Plane MI Lo 
was in Peribelis at P, and alſo the Perihelian Diſtance Wh ©9! 
SP from the Sun ; as alſo the Place in the Ecliptic at 
the ſame Time, the Pofition of its Nodes, and Incl: '* 
nation of its Orbit: All which Particulars for 24 Co. e 
wets the Induſtry of the great Aſtronomer of this A . 
bas ſupplied, diz. Dr. Halley, in his Cometegraphia; 1 
which I have tranſoribed, and added thereto the fam te 
Things for the laſt Comet, as they were determined 
by the Reverend Mr. Fetts, from the Obſervations of Th 
Mr. Profeſſor B/ijs of Oxford, at the Obſervatory of the W 
Right Hen. the Earl of 1Zacclesfield, at Sherbowrn in 
Oxfordſhire. | | 

17. From the Place of the Comet Q draw QA pr" Di. 


- pendicular to the Axis; and let @ b be a Tangent to the 


Curve in the Point QA, and B Q drawn perpendiculu | 

thereto; then by the Nature of the Parabola we har Ar 

AB g= S R, the Semi-Latus Rectum. And putting tht 

given Area PQS =a, and AQ =x, we have 7.4 To 

& Sa, er x* +3x=124; which Cubic Lo 
| reſalv 


As Teel. 6g 


reſolved gives the Orditiate A.Q, nd thenge we haye 
PA; du 5 ＋ PS 28 . kae of the Comet 
from the Sun, which thefefore is , Therefore in 
the Triangle 8 AQ, rightSangled ut A, we have SQ 
2nd AQ to find the Angle QS A; and then PS Q-the 
Angle from the Peribelion is known. When this is 
done, all the other Particulars are the ſame as iti tlie 
| | Phnetary Calculus. | 33 e ee 
= 18. Theſe are the Principles or Elements of Calcu- 
lation; which we ſhall now proceed to illuſtrate by Ex- 
ample, that ſo the Praxis may not remain ſo difficult 
nds; WW and obſcure as it has hitherto been; and we ſhall make 
1 WY choice of the laſt Comet for this Purpoſe, whoſe mean 
X — BI f1mmaly or diurnal Area is in the firlt Plate to be deter- 
mined. . 8 Lo 1 88 * r 
I th 19. In order to this, we have the conſtant mean Mo- 
tion of a Comet moving in a Patabola, whoſe Perihe= 
* lion Diſtance PS RSI Semidiameter of the Earth's 


be Orbit, viz. N = === — = 0.91228, whoſe 


have a 1. 14 3477"; N 
un Logarithm 9.960128 is always at hand for 
constant Uſe. l dr d Att 

en 20. The Perihelion Diſtance PSS O22, 

ach- its Logarithm 9,346472,; as in the Table, for the Co- 
Co. WW met of 1741. But we haye its mean Anomaly aN Xx 


| I er 1 244 Aenne 
his "7 (by Article 15.) ; therefore to find n by n, 


the Proceſs is as follows: 


is d The Logarithm of Perihelion-Diſtance r= 9.346472 


The Product is the Logarithm of &— ri =8,039416 
Divide by 2, the Quotient is Log, of = 9.019708 


to the — ———— 
eu II ing ©, b>-enad . $27 | 
ba Arithmetical Complement is the Log. of 5 = 0.980292 
the | | N 
- To which add the Logarithm of | . N = 9.960128 


zation | n 
ov The Log. of mean Anomaly » = 8,718 = 0.940420 


Vor. III. f Þ 21. Having 


* 
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F NR. A, (by Are: 13.) weder, Nath 

15, In like Manner it is ſhewn, that if the Quidny. 
tal Area pr S of the Parabola' pr q be divided into u 
10 equal Parts, and p S r, and 2 Numbet d 


thoſe Parts in the diurnal Area; then 1 . dg 


7¹ 
N: nin . E — ifR=SP=; 
R. 12 11 ks 


or the Radius of the Earth's Orbit 
16. On thefePrinciples the Cometary Calculus depends; 


for in any Parabolic Orbit the Quantity a =NX- 


fi 
is the diutnal Arta, and may therefore be eſteemed thi 
mean Motion or Ancinaly of the Comet for a Day; which 
multiplied by the Time (expreſs'd in Days) before dt 
after the Comet is in Perihelis at P, will give the whole 
mean Motion or Area PR QS for any Place of the 
Comet Qin its Orbit. In order to this we muſt hav 
the Time aſcertained from Obſervation when the Planet 


was in Peribelis at P, and alſo the Perihelian Diftance: 


SP from the Sun; as alſo the Place in the Ecliptic at 
the ſame Time, the Poſition of its Nodes, and Indi: 
nation of its Orbit: All which Particulars for 24 Co. 
mets the Induſtry of the great Aſtronomer of this Ag 
bas ſupplied, vz. Dr. Halley, in his Cometographia; 
which I have tranſcribed, and added thereto the famt 
Things for the laſt Comet, as they were determined 
by the Reverend Mr. Fetts, from the Obſervations of 
Mr. Profeſſor Bliſs of Oxford, at the Obſervatory of the 
Right Hen. the Earl of AZacclesfield, at Sherboum in 
Oxfordſhire. | | | 

17. From the Place of the Comet Q draw QA pers 


- pendicular to the Axis; and let @ h be a Tangenttothe 


Curve in the Point Q, and B Q drawn perpendiculu 
thereto; then by the Nature of the Parabola we have 
AB = S R, the Semi-Latus Rectum. And putting the 
given Area PQS S a, and AQ = x, we have 174 
* a, er * +3x=124; which Cubic Equatiot 

reſoſyei 


Ses 


8 © FS B. 888 BT 


SI Fr 


Di 


AvE6n6hs, 285 


MA; e EPS = Boz bee ee ws hve 


from the nee man i A. 1 rot 44 in 
the Triangle ri we have 
a find the Angle QS A; 223 
Angle from the Perihelien is known, When this i 
done, all the other Particulars; are the ſame as itt” ft 
| Planetary Calculus. ä 
Eh 18. "Theſe are the Principles or Elements of Calow- 
lation; which we ſhall now proceed to illuſtrate by Ex 
ample, that ſo the Praxis may not remain 10 difficult 
ids; and obſcure as it has hitherto been ; on we ſhall make 
i choice of the laſt Comet for this Purpoſe, whoſe 
* 2 * diurnal Aras is in the fit P to be deter- 


ml In order to this, e have the conſtant mean Mo- 
tion of a Comet moving in a Parabola, whoſe Perihe- 
* lion-Diſtance PO AR 1 =$emidiameter of the Earth” 8 


U 0 N 1 D. 1228, whoſe 
= rdit, viz. 769 91228, 


ang Logarithm 9.960128 i ef er at urn for 
ane conſtant Uſe, + 


en 20. The Perihellon Ditance p Nane Fo 
acl * Logarithm 9:346472» a5 in the Table, for the 
Co- 11 of 1741. But we haye its mean Anomaly a N x 


by — 7 (by Artidle 15.) ; therefore to find mY ns | 
ſam: Ks Proceſs is as follows: Wb 


The Logarithm of Peribelion-Diſtance- r=9. ads 
ue Which multiply bß—— — 3 


The Product is the Logarithm of ri = 8.039416 
per. Divide by 2, the Quotient is Log. of r$=2 91019708 - 


hae Acithmetical Complement is the Log. of E =0.980292 
To which add the 3 6E N 9.960128 


The Log. of mean Anomaly =8,718 = 825 140420 
Vor. III. 2 ing 


| ge Haring thus obtaig'd_ the diurnal, dres if ve 
mus 


ASTRONOMY. 


this by any fa of Days and Deciny 
Pars of 4Day, if wel ie the Area PROS, aca 
Ananiaty,, for the 4 7 5 Tus ok Fequired 
tor January. 23 P. Br 11% 

p. H. M 


Then from the Time of Perihelion, & 19 8 

Subduct the given Time, | 7 25 65 — 
The Difference will be e | - bby 2 
Wherefore to Log. of dae Ares 8.718 = 1 
Add the Log, of the given Lime 27,0 33 = i 


The mean Anomaly required, = 2 361 22. 35312 


22. Having therefore the Area P R Q S = 230% 
ean lind A Q , from the Equation & + 3x= a; 
for if when the Quadrantal Area P'S R is 100," we put 
$R=Xx=a 1, then tis plain, x? + 3.x = 14+ 3=4= 
32.4 in that Caſe. Therefore when the nean Auma 
is but 12 Part of this, we have x? + 3x = rv= 
D Which will be a conſtant Multiplier for redueing 
any given Anomaly to fit it for the Equation. - hu 
0,04 & 230, 1 = 95444 * + 3 in the preſent Caſe, 
waged teſolved e to he uſual, Methods, gives 

x-="1,65 nearly. 


23. Then by the Nature of the Pandas LE = 


AP r 1,3612. Alſo AP+P$=SQ 
— 1 8612, the Diſtance of the Comet from the Sun for 
the given Time, But to expreſs this Diſtance in the 
ſame Parts as the Sun's mean Diſtance from the-Earth 


Contains I,00000, we muſt conſider that the Perihelion- 


Diſtance. PS — 0,22206 ; whence S R = 0,44412 
Wherefore ſay, As 1: 0,44412 :: 1,8612: 0,82650, 
ve. Expreſſion required, | 

4. in the: Right-angled Triangle QAð., having all 
* Sides, we find the Angle Q. A.= 62 3075 wheyes 
the obtufe Angle P'S Q= 117 33; » which is the He- 
ſiocentric Viltages of the Comet from the. Teng 


. Now 


8 x * *, . 
R - 


> TpPpTEATIDID FA 


AGA TAS Af 
Now fines the Perihelion is in & 17® 12˙ . if os 
des 1175835 edle Longi- 


n 2 CL 82 


2. Atfo the Deſeendin is in m 15? 46 20”, 
ben which Tubl he Hare 40e HN fob fd; d 


Differen 147 85 yo i the. Diſtance of the * 
from the Node. Let the Line of the Nodes be © $' 

then; me the Perihelion e 27 25; . 
from the Node , it will be but 280 38 26 diſtant 


from the Node . If then from the Angie 12:8 A 


62 364+" we deduct P 8 8 28? 38' 25 Kg far we 

al} have Q r 30 JB". 201 G 
26, From let fall the Perp ai on — 

Line of Nodes; then in the Ri E 

QSN, Having the Angle at 8 Fey the ies SG, 


dan find QN as follows. 
As Radius * 1 — 00 = t6;o86 95d 


Toth Sine of the An Se N 87 = 
bo is the Side : <= 25 72 55 


r 
To the Length of the Side an 6, 46455 = = 5. .66460% 
27. Again: In the Right angled Triangle AN 
we have the Side now found AN, and the Angle of the 
loclination of lie Comets Orbit} QN'D == 49? $576 
end the Side or Perpendicular WM. 0 e oh. 
As Radius 
Ito the Sine of laclinatlon ber = = gl 


o is the Side = 0,40 200 = 9.6 64 


To the perpendicu ndicularx QD - - 2, 13860. 9.529739 
28. We can now finid the . Latitude of 


La 


the Comet, * 3 for 

As the Side © = 0,82 PS 9. 91722 

Is to the Side 85 = 0,338 92 99 $297 
do is Radius 90 = 10.000098 


To Sine of Helioc. Lat. 8D 24 17'S — 9.612812 
29. To find the Comet's Curtate Diſtance from the 
dun, viz. S D, we have this WP from the Fg 


0 Triangle 8 D. * 142 4 ; 
SD» 2 


Plate 
LXII. 
F. g. EN 
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e udp 8 88g 
To the Sine = 65* 82 
So is the Side | dee 5 2 


To the Curtate Diſtance SD = o, 75380 jy om 


To find the Side FD in Ge Ri t- led Tri 
mT QND, ſay, + . ln 
Radius 


As 900 = = 10.000000 
ToCo-fine of inclination Dogz 512 85 2016 
So is the Side 9 een 4601 
To the Side DN = 0,31420= 9:497217 


31. Then in the Right-angled Triangle NSD we 
can find the Heliocentric Place Hh 
tic, or Angle DS N, thus: 


As the Curtate Diſtance SD =0,75380 = 9.877279 


To the Side „ NDS e, a= 21 
So is Radius a 90 S 1.88850 


To the Sine of the Angle DSN = 24 38'= 9.6199 
Therefore to the Place of the Node K, 8 15" 4 \ fon 20” 
Add the Angle now found 


The Sum is the Helioc. Place in the Ecliptie, n 10 23 20 


32. The next thing to be done is to find the Place of 
the Sun, and conſequently of the Earth in her Orbit 
for the given Time; which is calculated from the Tables 


in the _ Method as 1 


. J x 9 3 "ng 
_ 9 21 1 58 — 3 8 13 30 


3. 11 29 17 00 2 30 

an. 23. O0 22 40 12 f 3 

ours 14 47 
Min. x1 27 


— 


Mean Mot. 10 13 14 24 — 3 8 16 3 


Equat. add. 1 7 39 10 13 14 24 


*—n— 


True Place 10 14 22 3 | 7 4 58 21 M. Anon» 


F882, ©19 JS| 88S 


ä 22 2 2 2 


!!!!! O00 


27 
8 
f 
F 


* 

„ 

» ; 7 % 

P 

iY . / ot 

+ > M 7 / 1 * 
3 6 * , 
" * o - F bl 

' 


SS 
„ 
3 FP” o 
-— 
1 * 
— — — 1 2 1 —— — — ——_ — fa 

2 Py * * 

— - [ 4 0 — 
* + * - * 1 * 


— 


Ws 
4.6. 
— g f — - 
* 
- 
* 
* 
. 
* 
* 
% 
% 
% 
* 
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X 
| 
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- 
S <o® o 
© 4 XC- — — oo aft tz”, —— — — 
— — ——y—- — GOO 
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6. Furth Place will be in 


Anom 

Earth's 
alſo known ; therefore we can 
or Elongation of the Comet from the Sun, thus: 


— 7 S. 4 58123 % the Logarithm of the 


Is to their Difference ST--SD=0,23240=- 9.366236 


Place at I gives the Geocentric Longitnde of the Comet at 


or Angle D TQ, we have this Analogy : 


So is Tang. of Helio. DSQ=24*12'=9.652650 


35- Thus you have the whole Proceſs of Calculation, 
u it relates to the. Phænomena of a Comet moving in 
a Parabola near the Vertex, and is the ſame with that 
uſed for the Planets (from the 25th Article incluſive). 
And though it is certain (from what will be ſhewn'by 


but an Ellipfis, the computed Longitude and Lati- 
tude are xy ondfar the Comet was obſerved to 
have at that very Time; whence the Accuracy of this 
Method ſufficiently appears: But as it is thus limited to 
2 Parabola, and only one ſmall Part of that, and can - 
not be extended to determine the Axis of the Orbit, or 


P 3 great 


The Sun's Place being found, in = 14% 22 ON 
Edliptic, viz. in N 1% 22” 03 at T. If therefore from 
this we ſubtract the Comet's Heliocentric Place at H, 
we ſhall have the Arch HT = 63* 49 45” DST, 
the 2 of Commutation. And as the Earth's mean 


iſtance 8 T will be q, But 8 D is 
"ind the Angle DT 58, 


do the Tang. of EtheAng T 58 00'= 10. 2041 
„ rw DT Fine N 

To Tang. of x their Diff. "Ks 12* 07= 9.329898 

34. Hence 58* + 12* 03 =70%03 = TDS, and 


585 — 120. 07 = 45˙ 5 2 8 D, or Longitude: f 
the Comet from zun; which added to the Sun's 


L. in T oO 19%. And to find the-Geocentric Latitude, 


As the Sine of Commutation TSD=54*00'=9.953650 
ls to the Sine of 1 STD=45"57'=9-856568. 


To the Tang. of Geo. Lat. DTQ=19"46'=9-555568 


and by) that this Comet does not deſcribe a Parabola, 


the Time of its Revolution, I ſhall here ſupply this 


213 


As the Sum of the Sides ST+SD=1,74000= 0.240549 
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engine 


all the Phænomens of 
met be N any Conic ay 6 e which was 


winch Method 1 CT lle illuſtrate — ex 
in the following Articles; 


Let AK BI be the Traje&ory of a Comet, A 
4 581 Ar „F, the two " 


the Sun is atS; © the Place of dhe 


in one whic 


Comet, & $ its Diſtance from the gun; DCEaTa.. 


— to the Curve in the Point C; Cc the Space paſſed 


the Comet in a ſmall Particle of Time; 18 D, | 


» TT £* k 2 F% 


1 O be the elliptic Orbit of any Rude; 85 7 its 


Foci Laſtly, let ALB be a Circle deſcribed on the 


Axis, AB; APTB umu about the El- 
bs AIB; and AQRB as the Square about 5 
rd? ALB; and put SC=a, 47 


the Time in which, it is deſcribed = /- 1.8 — 


Axis of the Cometary Obit AB = x, of the Planc- 
' tary Orbit AQ = 4, the Circle deſcribed on the-ſame 


Axis AVO =p; che periodical Time of the Comet, 


=t, and that of the Planet = n. 
7. The Space Ce deſcribed, the Diſtance 8 C, and 
the Angle 8 CD, are all known by Obſervation, and 


therefore given Quantities, The mean Diſtance of the 
Comet is AH x, and of the Planet is Ag, If. 


And becauſe the Squares of the Period cal Fry * as. 
the Cubes of the mean Diſtances, we have x43 


1 1 t t* ; and therefore 2 2 ' 7 „% 


12.3 


the periodical Time t, thus: Becauſe Cc is a very finall 
Portion of the Orbit, it may be eſteemed a Right Lins, 
and the Sector C $ c as an evaneſcent Friangle, w 
Area 4 SDXCc=Ebe is given; but as the Area 
11.18 to the Time , fo is the whole Area of the El- 
lipfis AKBI => to the whole G rr 3 


ths, xk. | . 7 RPG 


39. Now 


Kn, 17831 
ty 


38. It is neceſſary now to find another Expreſbon ef 


nv 


2 flo.h Th 0 OY” 9 os "OP DL 


- -— © ah. Os AY 10 io FR © . 4 orb 00S 


' 


AST KN bu. 


9. Now in order to d ing. the Arr Are muſt 
fad the 3 thüs: Becauſe A B 


f 2151 therefore 3 and b 4 


D002 and FE C we have $ ©: 78 
3 * — 4253 


FE, that is, a; 32 x—8@:; 


= EE; 3 «ant 
therefore T6 (F GN = — J . gains c 


:CD=FC:CE; of at V 
. ee 2 12 146 
V. Hence DE or 80 =CE+CD= 


x — 4 55 8 92 bad + DYOGH 


_ _—_ —b* + * = — * S But 


. therefore FS N 1 G* 
=/bx* —485 x $4 5 EN. h 


a* eva x bps of Ss, 
4 * 44 x TIA | © 
* — 7 4. And trrefre SH AU 
nein 4 1 8 
= — 4:7f) E. e 
— af i, 


40. Moreover, by the Nature df am Eitipfis, 8 84 — 
H 


AH=!x, and therefore Rn HK 
EET COKE, 345 
NF N 
ab. 


therefore I K HK = Varma © Confequents 


* re AT, the Semi-Aren of tha 


Ellipſe, Let * Diameter of the Cirole AL. By 
and P its Periphery E is 
the Area of the Circle, we fhall have N: QP + 
> QR) 2: NERF: ALB AP TB: Al 


"1149p. That is, 9 ee 
42 

V ax— AI B. But 2 AI RS AIK BSA 
P $ bp 


275 


* = » 


n, 


7 fp 55 
277 ax—aa. "EP reducing the Equation, w 


rn the e Axis of 
the Sefjan, or TrajeQory of the Comet. 

41. If we ſubſtitute this Value of in 
above for t, we ſhall have egi 


2 * 


the Periodical Time. Alf becauſe 44G njugate IK= 


26 | . 
7 222 = & therefore ew ER 1 
_—_— e 
W eu 


Eg —arw | 

42. —9ꝗ theſe Equations it plainly A that 
when the Velocity of the Comet is ſuch 7 that ff 15 
a, the Axis x is infinite, and conſequently the 
1 will be a Parabold ; but if ; ** be greater 
than F v6.5 will be an Hyperbola ; ; in both which 
Ca the Comet can never return ; But in all Caſes 
Where 2s greater than 4, the Comet will de. 
ſcribe E 151 20 ; among which we reckon that of the 


Circle, here a ARES ,, and hence 
Pg — an” 


=_ 
+= Cem LVL , the Arch of the Circle deſcribel 


in one Day. 

43. Let the Planet we ſuppoſed. to deſcribe the 
Ellipfis AN O be the Earth; then will its mean Pi- 
tance 4 q =100000 equal Parts ; and ſo q = 200000, 
and p = 628318. Alſo the Periodical Time n= 
x Fear; and then if Ce be the Space . 


2 


a OK. ab a. 


+ ama A « + ao. aac nQÞOAÞhAt * wart. t S as a 


uT ac Acc oc aca . As aca wax @A..cka oo uct. 


— 


W 
| | 


TSS 3 8 Frau 
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| | l s | "Mes 
in one Day, ws bare f =o =p:027 378, 


Then alſo the other —— will become for the 
principal Axis x — $91826599535 X.@ and for the 


— 591826599535 — 0 e 
, - .. 4750560000 X t _ + 
Periodical Time t = a 2. 
| 5918265995 g—8ae*. 

44. Hence it appears, that if Obſervations could be 
made ſufficiently exact to determine the Diſtance of the 
Comet, and the Space it moved over in its Orbit in one 
Day, then the Axes of the Orbit and the Periodical 
Time of the Comet may as well be computed as thoſe 
of a Planet ; but this is a Matter of the greateſt Nicety, 
and of courſe the greateſt Difficulty, becauſe the elliptic 
Orbit of a Comet, if it be ſuch, can ſcarcely be diſ- 
tinguiſhed by Obſervation (however well made) from 
a Parabolical Orbit, in all that Part of the Orbit which 


the Comet deſcribes' during its Appearance, Hence 


the Quantity a e* will generally come out either equal 
to, ot greater than the Number 591826599535, and 
ſo gives the Axis x infinite or negative: And if it chance 


that a e* be leſs than the ſaid Number, then if a ore be 


not defined to the Jaſt Degree of Exactneſs, the Axis x, 
and Periodical Time t, will be very different from the 
Truth. But more of this in another Place. 

45. A Parabola therefore is fully ſufficient to account 
for all the Circumſtances and Phznomena of a Comet's 
Mo. ion during the Time of its Appearance; as Sir 1/aac 


has ſhewn with reſpect to the Comets of 166:, 1680, 


1682, 1683, 1723; and Mr. Betts for the laſt Comet 
of 1741. And that the Reader may ſee the wonderful 
Agreement between the The though grounded on 
the Parabolical Hypotheſis) and the Phænomena of IL. on- 
itude and Latitude of the Comet by Obſervation, I 
bere ſubjoin a Table exhibiting the ſame both by 
Computation and Obſervation, and the Differences be- 
tween them ſeverally for each reſpective Time of Ob- 


ſervation, 


* * 
1 F 
> 


— . [ AüuX:ů—ü —L— - — 


—_ —— — - 
—— — — — 
— — a * 


eee 


WL /7 
2aq) 
_=_— TeV Tones. 'T | 3 
75, 257 4 * - 2. Then __ 4 
1 8 | 

424 . . And, reducing the Equation, we 


A -= AB, the principal Axis gf 


the Section, or TrajeQory of the Comet. 
41. If we ſubſtitute this Value of x in the Equation 


above for t, we ſhall have t == L . 


gf > 2 * 
the ha Time. Alſo becauſe the njugate IK= 
26 OO +400 
2 4 4 = therefore x = TS 

2 es. 
FN 

a , 
v 1 4 Dae , 
42. From theſe Equations it Slain) 8 
when the Velocity of the Comet is luck tha 445 


ae, the Axis x is infinite, and conſequently the 
Trajectory will be a Parabold ; but if f n* be greater 
than F p* q, it will be an Hyperbola ; in both which 
Caſes the Comet can never return: But in all Caſes 
1 1 is greater than e a* n*, the Comet will de- 
ſcribe Ellip/es ; among which we reckon that of the 


Circle, where x = 24 = CRE) of of and hence 


whence = IK 2 1 


o=Cc . the Arch of the Circle deſcribed 


in one Day. | 

43. Let the Planet we eds] to deſcribe the 
Ellipſis AN O be the Earth; then will its mean Piſ- 
tance 4 q =100000 equal Parts; and ſo q = 200000, 
and * = 628318. Alſo the Periodical Time n = 
1 Year; and then if Cc be the Space — 


2 


2c „ 0 e 3&4 _.} > og ©, 4 


«> R m wma . wt LY” wr, 


"o 


* 
he 
cb 
ſes 
e. 
de 
ct 
ed 
he 
il- 
2 
4 
15 


; * To + | | — ar 
in one Day, ws have f e eee 
Then alſo the other Expreſſions will become for che 


rrincipal Axis x E 3 


391826599535 — e 
, -— .. 4750560000 X ax... + 
Periodical Time t = ws 1. 
591826599535 —- 26 

44. Hence it appears, that if Obſervations could be 
made ſufficiently exact to determine the Niſtance of the 
Comet, and the Space it moved over in its Orbit in one 
Day, then the Axes of the Orbit and the Periodical 
Time of the Comet may as well be computed as thoſe 
of a Planet ; but this is a Matter of the greateſt Nicety, 
and of courſe the greateſt Difficulty, becauſe the ellipiit 
Orbit of a Comet, if it be ſuch, can ſcarcely be diſ- 
tinguiſhed by Obſervation (however well made) from 
a Parabolical Orbit, in all that Part of the Orbit which 
the Comet deſcribes during its Appearance. Hence 
the Quantity @ &* will generally come out either equal 
to, of greater than the Number 591826599535, and 
ſo gives the Axis x infinite or negative: And if it chance 
that a e* be leſs than the ſaid Number, then if à or e be 
not defined to the Jaſt Degree of Exactneſs, the Axis x, 
and Periodical Time t, will be very different from the 
Truth. But more of this in another Place, 

45. A Parabola therefore is fully ſufficient to account 
for all the Circumſtances and Phznomena of a Comet's 
Mo. ion during the Time of its Appearance; as Sir 1/aac 
has ſhewn with reſpe& to the Comets of 166+, 1680, 


1682, 1683, 1723; and Mr. Betts for the'laſt Comet 


of 1743, And that the Reader may ſee the wonderful 
Agreement between the The though grounded on 
the Parabolical Hypotheſis) and the Phænomena of I. on- 

itude and Latitude of the Comet by Obſervation, I 

all here ſubjoin a Table exhibiting the ſame both by 
Computation and Obſervation, and the Differences be- 
tween them ſeverally for each reſpectiye Time of Ob- 


ſetvation. 
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46. Having thus ſhewn the ſeveral AﬀeCtions of à Plate 
Comet's Motion, I hall conclude with a Word or two LXIIT, 
jn relation to their Tails, The Atmoſphere of Comets Fig. 2. 
conſiſting of a very fine Vapour, will, when the Comet 
is in its Apheliou, be nearly ſpherical, and its Denſity 
teſt, As the Comet approaches the Sun, the Sun's: 

Heat enters the Atmoſphere, and rariſies it by L 
cauſing at the ſame Time the fineſt Part to ratſe from the 
Comet, like the Flame from a Candle, towards the Parts 
averſe from the Sun; and as the Comet comes nearer” 
and nearer the Sun, this Fume will riſe and extend it- 
ſelf to greater and greater Lengths, and make what is 
called the Tai! of the Comet; fo that when they are 
viewed with a Teleſcope, ' the Nucleus, Atmoſphere, 
and Tail of a Comet appear much like what is repre- 
ſented in the Figure, | 
47. The Length of the Tail is thus found by Ob- 
ſervation, Let 8 be the Sun, C the Comet, T the 
Earth, Ce the Comet's Tail; draw T 8, T C, 8 C, Fig. 3. 
and T e touching the End of the Tail, and meeting the 
Line $ C produced in E. The Place of the Sun and 
Comet being known, the Angle TCE is known (for 
TCESSTC TCS T). Alſo the Angle of Devi- 
ation E Ce is known from Obſervation ; whence T Ce 
is known. Moreover the Angle Ce is known al ſo by 
Obſervation, Therefore in the Triangle T Ce, having 
the two Angles T Ce and C Te, and the Side T C, 
(from the Theory) we can find the Side Ce, which is 
the Length of the Tail. And thus they have been 
found to be 40, 60, and 80 Millions of Miles, 

48. Draw S e cutting the Comet's Orbit in 4; then 
becauſe the whole Motion of a Particle from C to e may 
be reſolved into two Motions Cd and ed, tis plain, 
fince de is that directly averſe to the Sun, the Comet 
would have poſleſs'd the Point d when the Particle at e 
hr{t roſe from the Nucleus, if the Motion had been every 
where in the Direction of Se, as the Line Se kept 
moving from Se to 8 E. 

49. But ſince this is not the Caſe, but the Particles 
move in the oblique Direction Ce, therefore parallel to 
Ce draw S F cutting the Orbit in D, and join De; 
ten will the compound Motion Ce, ariſing from the 
5 15 Peogreſſiye 
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Point D for the Comet's Place when firſt the Particle x 
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progreflive Motion of the Comet in the Direction CD, 
and its Motion of Aſcent in the Direction Ce, give-the 


e began to aſcend from the Nucleus. 
50. Now the Time in which the Comet deſcribe, 
any given Part of its Orbit D C may be found from 
the Theory, and conſequently the 'Time of the Aſcent 
of the Tail of the Comet from the Nucleus to the Ex. 
3 Thus I have finiſhed a compleat 

* the NEWTONIAN Philoſophy of CoMeTs, 


- patet horrificis que fit via flexa Cometis 1 
a 


m non miramur barbati Phenomena Afri. 
Dr. Hauer, 
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LECTURE ny 


Of Tim, and its MEAgURE by A Celefiat 


dereal, and the Quantity of each, The 
Time of the EQUINOXEs and SOLSTICES 
determined by Calculation. Of Dars, 
Natural and Artificial. The EqQuaT1oN 
of Time explained. Of WEEKS. Of 
MoNTHs, Periodical and Synodical. Of 
Old and New Style. Of CxclEs; the 
CYCLE of the SUN, and Dominical LET= 
TERS; the METoONIC Cycle, or Cycle of 
the Moo, and GOLDEN NUMBERS. The 
Cycle of InpicTion. The Dionyſian 
PERIOD, or Paſchal Cycle. The Julian 
PERIOD. The Aſtronomical Principles 
of CHRONOLOGY, by SirISAACNEWTON, 
explained and exemplified, 


Mathematical eee * 


CHRONOLOGY. 


Motions. Of the YEAR Tropical and Sy- 


822 


ArrENDII 
1. EST her give the Reader ail Het 
of the YE Ak, as the grand and ori- 


einal Meaſure of Time, and derived from 
the Aftrogomical Principles, of the Earth 


. Motion ; and then afterwards conſider" tt 


Subdiviſions and Diftributions into leſſer 
Parts,. as. Months, Days, Hours, Minute, 
Seconds, Thirds, 8&c. for the Purpoſct of 
common Life, and the Uſes of Chrono- 
logy, Hiſtory, and other Sciences, 

2. TIME is- in itſelf a flowing Quantity, 
meaſuring the Duration of Things; and 


Ks Flux is always equable and args 
9 


and therefore to eſtimate the Quanti 
Time, we ſhould: meaſure it by ſomethung 
that is in its own Nature. always of one 
and the ſame Tenor. For this Purpoſe we 
have no Expedient ſo convenient as that 
of Motion; and becauſe the Meaſure of 
Time ought to be permanent, we can. find 
no other Motion fit for this Purpoſe. but 
that of the Heavenly Bodies. | 

3. AMoNG theſe, none of the Motion 
are ſo obvious to every Body, and plain to 
common Senſe, as that of the Sun and 


Moon ; which therefore have been agreed 


upon by the Conſent of all Nations for this 
End, and indeed this ſeems to have been a 
principal Part of the Deſign of their Cre 


ation. For we are told they were apponted 
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for Times and Segſent, far. Dr an for 
Years, Gen. i. That is, the Sun, by his 
Diurnal Motion, / affogds the Meaſure for 
Pars, and by his Annual Motion the Megs 
ure for IK ARAI and the Moon, by her Re- 
rolutions, gives the Meaſure af n wigs 
of Time we call MONTHS. .. ” 

1 Fox it is 8 complegt! Por ay 
thoſe Luminaries that conſtitutes a Yeary.'a 
Month, and a Day in che Abſtract. or abſo· 
lutely conſidered. Hence it is neceſſary to 
conſider the Point which ig to he eſteemed 
the Exordium or Beginning of theſe Revo- 
ions. And tlla, with reipget. in the An+ 
nual Revolution of the Sun, is fixed in, that 
Point of the Ecliptic, which is the Beginning 
of Aries; and the Time which tha Sun takes 
in going from, and returning to * Poing 
again, is called a LKA R 

5. Also the Space of Time W che 
dun takes to compleat one Revolution about 
the Earth, is call'd a Natural Day, or the 
NMebthemeron, including a Common Day 
and Night; which Space of Time is ſubdi- 
yided into 24 equal Parts, we call Hours; 
and each of theſe are again ſubdivided. into 
bo equal Parts or Minutes; each of theſe 
ain into 60 other equal Parts call'd Se- 
ond Minutes, or Seconds; each of theſe 


into 
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| diviſion for any leſſer Parts of Time. 


D. 6 H. 9 147. For fo long is che Earth 


Aer = 
into Thirds, and ſo on in a Serageſimel cb. 


6. Now, if this firſt Point ot Beginning 
of Aries were fix d, each Annual Revolution 
of the Sun would be coriſtantly the fame, and 
therefore a juſt and equal Meaſure of the 
Year, which is call'd the Periodical Year, 
as being the Time of the Earth's Period 


about the Sun; and which comſiſts of 306% 


in departing from any fixed Point in the 
Heavens, and returning to the ſame again. 
7. Bur ſince, as we have ſhewn { Auna. 
CXLI.) the ſeveral Points of the Ecliptic 
have a retrograde Motion, *tis eaſy to un- 
derſtand, that by this Receſſion of the Equi- 
nox it will, as it were, meet the Sun, and 
cauſe that the Sun ſhall arrive to the Equi- 
nox, or firſt Point of Artes, before his Re- 
volution is compleated. And therefore 
this Space of time (which is call'd the Tri- 
pica Tear) is not ſo long as the former; 
for by Obſervations made at the Diftance 
of many Years of the Time of two Equi- 
noxes, and dividing the Time elapſed be- 
tween by the Number of Revolutions, the 
Quotient will ſhew the Quantity of this T- 
cal Year to be 365 D. 5 H. 48' 57”; which 
is 20 17 ee 
238. TAI 


- 
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8. Tux Beginning: of che Year; ne 
when, the Equinox is th 
determined ty: Obſeryation. . Let. A;B be 

a Portion of the Equinodial,, and BE. 
an Arch of the; Feliptig g then with N 
nice Inſtrument take the Meridian Altitude 
of the Sun, the, Day before and after * | 
Equinox; the Differenee between theſe 
titudes, and that of the Equator will be 
che Sun's Deolination on thoſe two EY 
which, ſuppoſe to be AD and EC; whic 
being thus known and the Angle. .of 0 Obli- 
quite ABD, = E:BC SAM 20% .we K 
the Arch DB and EB; and therefore we. | 
fax, As, DBA E B.is.to DB fo:is 24 Hours: 

to the Time between the firſt Obſerration, 
= Moment of the Sun's Inge to S 
Euinoctial Point 5. 

9. Bur the Quantity of the Tropical, | 
Year, is better defined from 4 Calculation 
of che Moments of the Solſtices. The In 
vention of which curious, .and moft certain,, 
Method was owing. to our late celebrated 
Dr. Halliy; and is founded on an caly. Ob- 
ſervation, and therefore practicable by any 
Perſon but moderately: {killed in the Conic. 
Geometry. The Method is as follows 4. 
Let AVO repreſent A {mall Portion of the Fig. 3; 
Tropic, , which the Ecliptic K VM touches 
in the Solftitial Point V. Suppoſe the Sun 

VOV. II. Q. at 


— wee; ox 


G 
N ; 
” . 
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17 ; pendicular to the Trapic A O)'be'theDe- 
ficiencies of the Sun's Deelination a thoſe 
Times from his greateſt Deelination in V. 

FA He A from the Elernezits of dane 


et V. be Part of the Solſtitzal! Colatey 


APPENWDIX 


at ſeveral Times near the Solſhic be in-the 


Points K, I, L, v, C, M, N, then "will the 
_ | RightLives'T'L, I B. EC EM. e 


Adele of Contact av K are a che Squires 
of the Conterminal Arehes VI, VI Oe. 
that is, of the Lines VT, VD, Ge. which 
are nearly equal to thoſe Arches. Now 
when Alle Sun is *ir- E, Part 6f ies Path 
chat Day will be the Ehrle L Cy! afld Chen 
in: Mi [the Line IM. drawn Parallel to. O. 


then We Have WT. BEE, and WD 201 


Ce. alſo VF = TL, V G-S DI; Vo, hinge 


LF. 10. VP : V6; Sc. fo. that the 
Parabola, and may be taken for ets, with 
out any ſenfible Error. 

"11. THEREFORE let three rein G H, 


in the Axis VObe determined by Obſer- 


vation thus; let 45 be an upright Object, 
ac the Ground or Horizon, and cd A Plane 
ſet nearly perpendicular to tlie Sufi's Rays 


at Noon. Then let the Points 3, 75 gi on 


the Plane mark the Shadow of the Apex b, 


on three ſeveral Days at Noon; ſuppoſe 
4 „ two 


e 
1 
" 
. 
e 
1e 
8 
þ 
h 
w 
h 
ft 
1, 
4 
5 
e 
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two befor, and. one after the. Solſlice. By 
this Means we 185 the Proportion of Dif- 
tance between the Points E H and F G, for 
«ff gt! FH: FG. By the firſt Ob- 


ſervation from the Point H the Sun's! Place 


at K is given; by the ſecond, from the Point 


F, we have the- Place at Lz and by the 


third 1 we Re brug have' the Point M in 
the Curve. e > 44 4 N. — 
1 ihe Time ben the- gelt 
and POT Obſervation AT (=KL) = a3 
the Time between: the feconÞand third Ob. 
ſervation TE (= LVM SI, FHS, FG 


d, and TV 2 * 2 the Time between the 
ſecond Obſervation” and the Moment of the: 


Solſtice, to be found. Then AV = a+ xy 
and VES x; and Tet the Latirs Rec- 


tum of the ParaBola be p. Then (per Co- 


nice) we have x = WE'x and therefore VE 


= 6 In like Manner . 2 e, 


and v — . 4 N © therefore F H 


J. 


e 22 and * & | 


EM is ” 20x 4 e Adress 
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Q 2 | ing 
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a FY 
ing the Equation,” we have « * 4 8 
=T V, the Time Nel 47 
13. BuT if the Order 76f: te Obes 
Sons be ſuch, a5 that the Obſervation of 
the Shadow of the Gemen in F id ea 
in the Middle between thioſe of the Shadow 
in 4 and g; then will AT = T E. and 
ſoa 6, and the Equation will become & & 


a TY; which gives this Aus- 
logy, 24 42.0 NET Nob 4 2 N -that 155 
2 FGTZ2FTHI GH: AT. HVV 
14. I $HALL illuſtrate this Calculation by 
an Example of each Caſe. In the Tear 
1500, Bernard Walker; in the Month of 
June, at Nuremberg; obſerved the Chord uf 
the Sun's Diſtance, from the Zenith 1 2 a 


large Inſtrument, as follows ; 


une 9, 44934 June 12, 44883 


une 2, $4934 ad TY June $; 4695 
rune 16, 44990 Fs (Ine 16, 44990 


The Difference of theſe Chords are equal 
very ncar to the ſmall Diſtances EG and 
FH; therefore c = 533, and d = 56, and 
ihe Po 477; and fince the Time was 7 
Days between Obſervation, therefore a = 7, 
Whence we have T0082 477: 7.5 2D. 

20 H. 
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middle Obſer vation, gives June 11 D. 20 H. 
» for the Time of the Solſtice; 2 

15. AGAIN, by the other three Obferva= 
tions, we have e 107, d= , c—d= 


” EY WL wherefore fay, As 398: 
: 4D. =96 H. 3 H. 37", the Diffe- 


1150 between the 2d Obſervation, Fune 12, 
and the Moment of the Solftice, which 
therefore muſt be June 11 D. 20 H. 237, 
which is but 217 different from the former. 
The Time of the Tropie therefore, in Anno 
1500, we may conclude was June 11 8 
20 H. 12 C 4 

16. WE will now 4. an —— of 
the former Method by the Shadow of a 
Gnomon 55 Feet high, which Gafſendus at 
Marſeilles made uſe of for determining the 
Proportion of the Gnomon to its Solſtitial 
Shade. This he did in the Year 1636, and 
the Experiments were as follow. 


June eee 
9 317% parts, of vhich 
20 | New Style, } 3175 i 7 
21 The Shadow 31751 e 


22 131759 | was 89428. 


Here indeed the End of the Shadow, in- 
ſiead of being received on the Plane c. 


perpendicular to the Rays, was taken on 


Q 3 the 


20 H. 25 which added to che Time ef i . 


232 


the horizontal Lins, where the P ozats;f, x, 


| =7 and 4 = 25 b= 13 then tlle Theorem 
c * — AA 


AP PEN DI 


h, are referred to E, E, H, in thier ofthe 
Obſervations ;- yet is the Ratio between 
F H and F G the ſame nearly as the Ratio 
between /h and, Fg, becauſe the Rays at 
that Diſtance from 4 in ſo ſmall an} . 
differ little from parallel Rays. 

17. HENCE, the Cale of the Problem is 
ſtill the ſame, Therefore, let the Shadoy, 
on June 19, be 4 1 = 317663 on the 21h, 


f N 317/51; and on the 226; 4 G's 


317593 then 2 2 30, 2 2 16, Cw 


3 ö . 
28072 = 0⁰ Dy. I H. ar. 
2ad+26bc” T ns 74. 7 "#0: 55 


which is the Time "by: which the Solſtice 
preceded the ſecond Obſervation. The gal 
ſtice therefore was on June 20 D. 1% H. 27. 
N. S. or June 10 D. 17 H. 254 O. 8. 

18. ThE Difference between the Tine 
of this and the other Solſtice is 1 D. 2 H. 


47: of which 1 D. 1 H. 12“ ariſes from 


the Deficiency of the Length of the Tro- 
pical Year from that of the Julion Year, 


(as will by and by appear) and the other 


Part 1 H. 45 from the Progreſſion of the 


Sun's Apogæum during that Space % Time, 
v. 136 Years, 


114 TY Tut 
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19. THE Da vs are the next Part of 
Time we ſhall conſider, Theſe may. be 
divided into Solar and Smgereal Days. The 
Salar Day is that Space of Time Which in- 
tervenes between the Sun's departing fram 


| any one Meridian, and; its Return to the 


ſame again. But a Sidereu Day is: the 
Space of Time which happens between the 
Departure of a Star from and its Return 


2 


— Ce 


to the ſame Meridian again. And each 


of theſe are 2 into 24 equal pen 


or Hour. 

20, BECAUSE. the Diurnal Motion of che 
Earth about its Axis is equable, every Re vo- 
lution will be performed in the ſame Time; 
and therefore all the Stacreal Days, and the 
Hours of thoſe Days, will be equal. Ant 
on the other hand, the Solar Days are all 
unequal, and that on two Accounts, vis. 
becauſe of the Elliptic Figure of the Earth's 
Orbit, and becauſe of the OY of the 
Ecliptic to the Equator, © 

21, THis will appear as follows, Let 8 
be the Sun, A B à Part of the Ecliptic, A 
the Centre of the Earth, and MD a Me- 


Plate 


4 


LXIV. 


Fig. 


© 


tidian whoſe Plane paſſes through the Su. 


Now in the Time of one: Revolution about 


ts Axis, let the Earth be cartied about the 


Sun from A to B, and then the Meridian 


Q 4 will 


4+ 


Ar Ni 
won be in the Poſition n d, parallel to the 


fortner M D. But *tis plain, th&Meridian 
dis not yet directed to the Sun, nor 
will not, till by its n Motion it haz 


uttained the Situation % deſetibing the 


Angle BN, BSA; Whence it” appears 


that all the Solar Day, are longer than 
the Time of one beg wg or "Sides 
Day. win Abignt 14241008} 
T _— 16 the Earth revlvid in hd Plane 
of the Equator, and in a Circle about the 
Sun, then would the Angle AS B, ani 
conſequently the Angle e B M be always 
of the ſame Quantity, and therefore the 
Time of deſoribing the ſaid Angle e Ba 
would always be equal, and ſo all the ſolar 
Days would be equal among ' themſelves. 
But neither of theſe two > Caſes n Tae 
in Nature. | 

23. Fo by the Earth? 8 Theory, Foundel 
on the niceſt Obſervations, the Orbit is an 
Ellipfs, and therefore (as we have ſhewn) 
her annual Motion cannot be equable, or 
the Angle A S B deſcribed in the fame; po” 
of Time will not be equal; for in the 
Aphelion the Velocity of the Earth wil 
be leſs than in the Perihelion, therefore 
alſo the Arch A B will be leſs, and conſe- 
quently the ſimilar Arch e m, W 
a | lo 


—— wy — — +» — — 


© hd -3 „ — m5 


8 8 N „ ASS ES S53 0.5 'S 


W 77 ee ER HH SES Rc 


5 


20 Lecture Kl. 


alſo the Time of deſcribing” it; whence | 
appears, the Part of Time to be added ta 
the Sidereal Day, to eompleat * Solar 
Day, is always variable . 

24. THE other Part of Sho Equation 
Time (and moſt conſiderable) is that which 
ariſes from the Plane of the Earth's Orbit 


233 


or Ecliptic being inclined to that of the 


Equator or Plane af the Diurnal Motion; 
to explain which, let Y & be a Semicirele 
of the Ecliptic, and + Ha of the Equi- 
noctial, 8 the Centre af the Sun, and A 
that of the Earth in the third Quarter of 
the Ecliptic; & the Meriian-: paſſing 
through the true Sun 8, and its apparent 
Place at Ii in the firſt er of the * 


tic y 147 
25. SUBPASE;: now, the Motion of the 


Earth in every Reſpe& equable, and firſt 
that it fat out from , and proceeded in 
the Equator in a given Time to D, the Sun 
would apparently deſcribe in the ſame Time 
the Arch of the Equator Y I. Again, ſup- 
poſe it fat out from the ſame; Point , and 
ſpent the ſame Time with the ſame equable 
Velocity in the Ecliptic, it would arrive to 
the Point A, ſo that the Arch & A = D, 
and „I = C. Then tis evident, as the 


Eaſt, 


Plate | 
LXIV. 
Fig. 5+ 
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arrive at the Sun I in the Ecliptie, and after 
wards at the Sun C in the EquinoRial; thy 
is, the Time of Noon by the Sun in the E 
THpric will be ſboner than that Noon which 


would happen by the Sur in the Equihomil; 


and that by the Quantity of the Arch U 
turned into Time. ** a 17 1 


286. New the Arch ÞD=B Cs Me N. 
ference of che Sun's Longitude . er 


and his Right Aſcenſion v. Driw' ge 
parallel eo DC, and the Angle A will 


equal to che Angie Ds 5; and the Arch ey 


fumilat tothe Arch D; therefore dhe That 
in which the Meridian 7 Frevolvez ite he 
Situation % is that which is te be adde 
to the Ecliptie Noon to equate it with the 
Time of the Equinoctial Noon in the hrt 
and third Quarters of the Ecliptie. In'the 
ſecond and fourth Quarter, the ſaid "Eq 
tion is to be ſubtracted, as would*eally wp 
pear by wh the lame Conſtruction 


there. ä 1 SITIO 


27. No- becauſe in Atferent Parts of 

the Quadrant this Arch DP or BC is ef 

different Length, the Equation of Tine will 

be a variable Quantity and therefore ſiner 

the Motion and Time meaſured by the Suh 

im the Equin6&l is always equal, (there 
being 
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being nothing to make it oherwiſe) it fol» * 


bus, that the Times {#5 the Daye] wear 
led by che gun an the; Rgliptic muſt be al- 
ways une qual or, in other Wends, the 
2 Days are ſometimesſhorter; ſomatimes 
longer, than the 000 (200 nog . out 
in the EquinoQtaly og oft wor e 
28. IT has been en Andr tha the 
True Motion ef che Earth precedes the 
mean in the firſt Semicirele of Anomaly, 
and is preceded by the Mean in the ſeoond, 
Therefore while the! Earth is gbing foot 
the Aphelion to the Periheliom er While 
the Sun apparently. moves from the Apo: 
grum to the Perigaum, the Apparent Time 
will be before the Mean, and in the other 
Semicircle of Anomaly it will be after it. 
The Difference of theſe Motions converted 


into Time is the Equation . Time in this 


Neſpect, and is to be ſubtracted from the Ap- 
parent Time to gain the. Mean, or added 
to the Mean to gain the Apparent, in the 
firſt Semicircle of r 4 ale verſa 
in the latter... 

29. Now both ut Fans, u the Baus 
tion of Time are calculated by Aſtrond - 
mers, for every Degree 'of Anomaly,” and 
for every Degree of the Sun's Longitude in 


the Eclipticy and Ore" in two ſeveral 
Tables, 


1 ON 


Tables, with Dirediions for adding and ju 
Tructing, as the Caſe requires 3! iv" that u 
all Times the true or equal Tune may be 
Had. + And from thence it appears that the 
apparent Time, or that ſhewn by the Sui, 
viz. by a Sun-dial, is but four Days re 
ee Year the ſame with the ment & 
equal Time ſhewn by a good Clock: or 
Watch, via. about April the 1 5th,” Num ie 
17th, Auguſt the 3ziſt, and Derember he 
24th. Alſo about the 2 3d of Oober dhe 
Equation is greateſt. of all in the Yearybe- 
ing then about 16011“, Coke eek 
much flower than Sun-dzals, 
2:30. As the Solar Days ard wg 2 
Hours muſt be ſo of Courſe; and hence i * 
appears, that there is no natural Body 
which can by its Motion meafure Time 
truly or equally; and the only a 
do this is by the artificial Contrivanee of 
Clocks, Wars Cle F Nou due 
9. 

31. IN different Parts of tlie World, the 
natural Day has a different Beginning. The 
ancient Egyptians began their Day at Mid- 
night, as do alſo the modern Nations of 
France, Spain, Great-Britain, and moit Wi... 
Parts of Europe. The Jeus, with the G. WM. 
Wans, * their Day at Sup-ſetting, The 

| 1 
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began theirs at Sun: xiſing. And. 


— reckon. on to twenty rfour Hours, 
not twice twelye, as we d by our Clocks 
in civil Life. Tos, 09 Tztrpa ei bg 5% IR 
32. A WEEK, is another, common Mea- 
ſue of Time en ſiſting of ſeven Days, -and. 
becauſe the Ancients. ſuppoſed, the ſeven Play, 
nets had an. Influence pon the, Earth and 
al terreſtrial Things, zheꝝ allotted the -firſt. 
Hour of each; Day to, che Planet they ſup - 
poled then to preſide; from. whence the 
ſeveral Days of the Week received HAT; 
Names. Thus Sunday was Dies Soli, Þ, Ge. 
the Day af the,, Swr z,1, Monday was 


"Dis. 
Line, i. ef the Day. of dhe Maan g 7 75 
was Dies Martis, i. e. the Day of #6 


S FFS 


=- 


9 
— 


the Day of Wooden: or Mercury; 12 
ws Dies Jouit, ine. the Day. of Dor or 
Jupiter ; Friday Was Dias Veneris, i. e., the. 
Day of F g or Lenut; and Saturday v Was; 
Dies Saturni, i. e, the Day of Saturn. n 1 

33. A MoNTH. is another Part of IL. Time, 


we reſpeck the Revolution of the „Moon. 
rom any fixed Point in the Heavens (a 15 


dur) to the ſame again, 1 it is call'd „5 TS 
; | riadica 


ER E N KS SD 


2 
4 
"x 
— 


be Aſtrotometi begin the Day; at 25 
Gels 


or Mars ; Wedneſday was Miet Mercuri, 5 | 
ay: 


ſo call'd from che Moon, becauſe it is the | 
ime of her- Revolution. about the Earth, | 
and is therefore alſo call'd a Lunation, 41351 


1K PFPENDIX! 0 


rh BMbnth; 46d" eohfits Web 

4 But if. wi regard' the 2 
between one Cνο,ννe of New-Megn; 
the next followintg, "it iv" NO 5 8 
Month, and is equal to 29 D. 1a 
. Trek dor sen dete e . 


muntras Fur Mhntds, uU Dv E. Hut cab 
S 
| dl the (til Morin desired af Y 
37296 7 SY v6, a i Bynodi p 


Ntths” ba e ys," hie Rs alli 
Ci End, Yor 1 N Selar Per 
is the Spart öf 365 Days. Tree 6 
equite"the- Civil Einar to-the'l$olan Mw; 
Ir. Pays are do he added, whith wer Kt 
by the eee and yr un the. 
Epe. J 1 4 ee 
35. Tit: "Ea Str. bjde" we of -96r 
Days, . being \. ſhort of the true b H 
7 i belaflen the Beginning the Ven 
to. run, forwards through” tue Senſarts" one i out 
Da nearly f in four Vears, and" in 1er 
— through all the Months of the Yar, 
| %, this Account Fulites Ceſar" orthin'd- that 
fourth Year one Day ſhould he added! 
oh Hun, by cauſing the-24th Day tobe 
reckon'd twice; and becauſe this 24th df 
February was the Sixth C Slxtilli before die 
K ends of March, there were in this Yer 
two, of thoſt Sextiles, which gave the en 
I 
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of Biſextile to this Yew.” The Veal; this 
cxrefted, was 3 ala the Yu 
fur. | ran floum H 2g d 
46. Bor we * wicking added by" Tues 
eher, is too much, that is, exceed N H. 
8 % by tz“ you” and therefore the gun 
ach Yeir beging dis Eburk 17. 3 before 
the 2 Year is ended which in 137 
Years amounts to 'a whole Pay. "Heme 
4 the *Connett of Nice, A. 2 325, 
which the Time of Eater Wab fed) 
Vernal Equinox” being g upon” the 21ſt Day 
of March, it was found in the Tear 1582 
to happen on the 11th of March, 10 Days, a 
boner than bef6te. dan ria 
37. PopE Gregory XIII. thought the Kaz 
kkndar” too erroneous, - and refolvetl to re- 
form it, by reſtoring” the” Equinox to its 
former Place in the Year, vis. to the 21 ft 
o March, To do this, he took 10 Days 
out of the Kalendar, by ordering the 5th 
of October 1582 to be call'd the r;th; and 
to prevent the Regreſs of the Equinox for 
the future, ordered every roodth Year. 
bo conſiſt of only 365 Days, whereas in 
the Julian it has 366, as being Brſſextile. 
This Reformation is therefore called the 
Gregorian Account, or New-Stile, and is 
uled by Papifs in 1aly, Spam, France, Ger- 
mary, and by fome Proteflants abroad; but 
| | in 


5 — 
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I A — * 
in England me have lately made a farthet 


rection, by throwing, out. 11 Mayeg. Which 


brings us much nearer the Truth chan dhe 


Gregorian Account. This therefore ought tobe 


called t the BRITISH, or, AYG.sTLNB.Acegunt 
in, Honour of our: own Nation, and. ing... 
38. SINCE the _Couneil, of... Nice, to the 
preſent - Year;,3758,, thers have-claph eck up- 
wards of 143 Tears, by which. means, the 
Equinox. daes in the. Old-Stile, at this Time, 
fall on the 19th..of March. nearly, andthe 


WH ww 4 — 


Julius Account, 18. 11 Days. later than, our 


' OWN... But even. the Emendation, or New- 


Stile, (which, we:now uſe). 1s, not ſufficient; 
for whereas by that four Days in 499 Years 
are rejected, g conſiderable Error is commit- 
ted; for the odd 113 by which, the, Ju- 
lian Year exceeds. the; Truth, will got 
amount to more chan three Days in 391 
Years. If therefore: at the End of .eyery 
391 Years we expunge three Days, the Equi- 
nox will very nearly IN Hep to the 
ſame Day of the Month. 

39. IN Computations of Tim ne, we. e find 
it neceſſary to fix upon ſome Ds 
Tranſaction, or memorable Event, for the 
Exordium or Beginning of the Reckoning; 
theſe are called EyocHA's or Kra's.. Thus 
fome compute from the Creation of the Merl. 
The ancient Greeks from the Inflitution 1 


20 Leros XI. r 


. the Olympiads, beginning -776- Years. before 
ich WY Cn AIs T: The Romans from the Building. of 
the Rome, about 750.7) Years: before CHRIST. 
de The Chaldeans and Egyptians uſt the n 
/ Nabonaſſar, beginning A. ante C. 752. 


The Turkiſh Epocha is the Hegira or Flight 
of Mahomet, A. C. Gaz. The Pran ra 
is called Teſdegird, A. G. 632. And chat of 
the Chriſtians the Birth of Cbriſt, An Rieh 15 
Time we reckon 1771 Lears. 

40. BESIDES the Meaſure of Time by 
Common Years, we find it became neceſ- 
fary to introduce the Uſe: of CY LES i. e, 
ot; Circles) of Tears; as the Metonic Cycie, the 
ary Cycle of the Sun, the Cycle of Indictian, and 
ut- 8 Julian Period compounded of all the 
u- rſt. Of each of theſe I ſhall give the fol⸗ 
not lowing ſhort Account. 

901 41. Tux CYCLE of the SUN ariſes hence: 
If the Number 365. be divided by 7, it 
u- will have a Remainder of 1, which ſhews 
che the laſt Day of the Year is the ſame Day 
| of the Week with the firſt. Now it Was, 
nd aways cuſtomary to. place againſt the ſeven 
ble WW Days in the Week, the ſeven firſt Letters 
be of the Alphabet, A, B, C, D, E, F, G, and 
g therefore, as they were continued through 
che Year, it is evident the ſame Letter muſt 
Vor. Ill. N ſtand 


A 0% - 


at axgailit the "fiſt and laſt bey er a 
Nerd ws, cke Leer K 

42. Hence, if the fiſt of: 
be ua Sunday, the Letter A will ad 
the Sndi% in that Tear; and Het the 
1k of January in the sert Year f&"Aondy, 
the firſt Safdy will be on the 5thy" 
which ſtands the Letter G, which 
fore will be the Sunilay Letter Wr U an 
Year. - Again, the firſt Day ef we 
Iowing Year being Tugaay, the firſt Sibdey 
will be en the 6th, againſt 5 ieh ſtands 
the Letter F, which therefore 8 the 
Sundays through that "Year, and d dn 
whence *tis eaſy to obſerve, that the Tail 
ters which point out the Sunday in even 
Year will be in a retrograde Order, nn 
A, G, E, E, Sc. And beeauſe theſe Let- 
ters ſhew the Dies Domini, or Lou -D, 
they have been called ane . 
TERS. | 

43. Now, if all the Years e e 
ones, the ſame Letter would not be the 
Dominical, or the Sundays would hot BeUp- 
on the ſame Days of the Week, till aher 
a Cycle or Revolution of feven Years 5 40 
ſince every 2th Year has a Day estas 
nary, this Day will interrupt the'Sueeeion- 


of the Dominical Letters, and eauſe that 
| the 
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the ſihe Days will hot tze We wü again by 
the ſnne L den dr? Gru bf Wen Lene 
but of 4x7 — 28 Fears, which is alles | 
the Oel of che Fun 

44; Brus E in Gery Aal Year 5 


Ath Or 25th of February 18 reckoned twice; 


and both thoſt Days have the {ame Letter, 
it follows, that that, Lotter which Fn 
the Sundays before the 24th of F ebruary 
will not ſhew it Afterwards," und Meréfore 
u every ſack Year tere will be tw Dok 
minico] Letten. For Eaumple, the Year 
1744 was Bifextile, January 1 Sanddy, the 
Domnicdl Better A ; but the 29th of Ars 
lrurty being Frida had the Letter F; and 
allo Saterday the igth 3 therefort S, 
the 16th muſt have G, which for that 
reaſon was the Suntay Letter the retnairing 
Part of the Year, 
45. To find what Yehr of the Cycle the 
preſent ot any Year of 'CHRIST ie, ad g 
o the ziven Team (becauſe the firſt Year 
of CHRIST was the gth of the Gy md 
divide by 28, the Rerzaisder is the Year 
of the Cycle required. Example: The 
Year 1946 + 9 1756, then 1766 divided 
by 28 leaves 19, the Les of the Cycle ces 
quifed, whoſe Dominica! Letter is E, 

xcording to the following Table: 
R 2 Cyele 


A ED, I | 
Ak — — 4357 7. 8. N. 


FE. D. G. 50. F. K. f N. 
i wo? 1 Im 
wy 8 ny 14. 15: 16, 1 16. 1290 


oel i 2 43 Ay 25. 25. 27. ge 8885 
Wa . E C. R. K 


dura 


"a Tus . ene (ſo called 
2:4 the Inventor Meton} otherwiſe'ealled 
the Cycle of the Moon, is a Period of '\nine- 
teen Years, after which the New and Ful 
Moons; were ſuppoſed to return on the" ſame 
Days of the Month, and Hours, as before; 
becauſe if the Solar and Lunar Tear begin 
together at any Time, theſe ' Years" being 
to each other as, 365 to 354, could not co- 
incide again at their Beginning till after 3 
certain Time, vix. 235 Eunations, which 
make 6939 D. 16 H. 31045, and in nine- 
teen Solar Years are 6939 D. 18 H. the 
Difference being only 1 H. 28“ 15” ſhews the 
two Years will then begin again very nearly 
at the fame Time, and the New and Ful 
Moons come round again N he _ 
Kur of che Month. 
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„ Yer this Dekeleney of an Hour and 
uf wil cauſe the” New and Full Moons to 
happen ſo much ſooner each Cycis in the 
Heavens than by this Reckoning, and this 
in 304 Years amounts to a whole Day; q 
id therefore, at this Time, "they happen 
almoſt five Days "ſooner than they ſhould; 
do, by the Rule ſettled by the! Nicene Coun- 
cl for finding the ſame by the Golden Num- 
bers; the Nature and U of which are to 
be underſtood as follows. Ke DO oat 25:13 
8. Tax1NG aryoIYea for the Firſt of 
the Cycle, the Ancients obſerved all che 
Days on which the Nu] Moons happened 
through the Year, and againſt each ſuch 
Day they placed the Number 1; in the 2d 
Year of the Cycle they did the like, and to 
each Day of the Nru- oon annexed” the 
Number 2. In like Manner to every New 
Moon Day in the 3d Vear of the Cycle they 
ſubjoined the Number 3; and ſo on, thro 
all the Years of the Cycir. This being done 
for one Cycle, the ſamie Numbers were fitted 
to the Kalendar to ſhew the New Moons in 
each Lear of any future Cycle; and, upon 
Account of this their excellent Uſe, they 
were in Gold, and, were: therefore called 
the Golden Numbers for Aale ears reſpec- 
bvely. 


R 3 49. Bur 


chf New Marys abe n of laſting UG 


be. e, i he pleaſe, 0a Bon 


A * * E d 
40% * becauſe, theſe Nutaberk for-the 


ons | above ſheus) the beſt May of g diſpaſing 

theſe Numbers is by/ (tha ogy Ladttabian u 
they my be, found from A el 
Tables 1 each Tra of the Synle, which 
are the ſame in every: ie, and do not un 
greatly from thi trut! Hut Be wren, ads 
vantageous this may be in- civil Liſe, wel ate 
not to enpect this Innovation :fhould take 
Place in the Liturgy af the Chuck of 
Englane, which: fillycontinues do dompute 
the old erronegus. Rule eſtabliſned by; the 


Council of Nice, Whish are callad Hash 
ical New Moen6rin RontradifnQientorha 


true ages in the Heavens, 410 1 

q. BRS1DESs theſe, there was another Re. 
riod called the CYCLE os IN DIC To cn. 
ffting of 15 Vears; it was ſo calle herauf 
the Numbers of this Cycle audicated the 
Time of Eaſlen. Bot as this Eycis has 50 
Connection with the Motions of the He- 
vanhy Bodies, I ſhall ſay no more of it her, 
but refer the Reader for a farther Account 
of this and other Matters purely Chrow- 
bogical, to the Authors who have wrote en 
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of tha Science in m — 
Lite ary Arts and Scenes, AS [PAN 

51. FOR Dlaxrata PGR TAD is one that 
is made by multiplxing together the Excite 
of the Sun and. Moor: and thorefbic con- 
d of 532 Nera, for a8 X 49 $324 
any the . New and Hull. Moons rotuun to, 
the ſame; Days of the Manth, but alſe the 
Days of the Month return ta the fan 
Days of the Werk; ani therefore the De- 
minical Letters and the A οαπ2’ele eqs alt 
return again im the fame Order, Hence 
this Cyclz was es * Gar AT Dadehen. 
CrerB. | 

52. Fux * Paton is be laſt 1 
fall mention, and tha largefh of all, con- 
fiſting of 7980 Teate, haing compaſed of 
the Cycles af the Sun, Man, and Inden; 
thus 28 K D == ig. Fb Begin 
ning of this Period was 76 Years: betors 
the Creation, and is not yet cojapleatee > 
and therefore comprekendꝭ all other Furiadb, 
Eycles- and Epoehas, and tha Times of ald 
memorable Actions and Hiflories. IU had 
its Name from. its Inventor Julius Sreliger, 
who has eternized him ſelf thereby, © 

53. F cantr conelude this Effay without 


laying before the Reader the Aſtronomicul 
R 4 Principles 


'ArvENDx.. 


Principles of CHRON 0LOGY,, Which Sir q 
Newton, makes uſe of for ſettling the Grand 
Eroch of the Argonautic Expeditiiny;and 
which he makes the Baſis of his Chirono. 
logy- : He obſerves, . that Eadoxus, in bi 
Deſcription, of the Sphere of the Ancient 
placed the Solſtices and Equinoxes in the 
Middle of the Conſtellations Aries, «Cancer, 
Chelz, and Capricorn And alſo that this 
Sphere or Globe was firſt made by Muſeus, 
and the Aſteriſms delineated. upon it by 
Chiron, two of the. Argonauts. 
54. Now it has been. ſhewn, that by the 
Preceſſion of che Equinoxes the Stars g0 
back 50' per Annum, And ſince at the End 
of the Year 1689, the Egpuinactia! Colure 
paſſing through the middle Point, between 
the firſt and laſt Star of Aries, did then cut 
the Ecliptic in 8 6“ 44“, it is evident, that 
the Equinox had then gone back 36“ 44'; 
therefore, as 50“ is to one Year, ſo is 360 
44 to 2645 Years, which is the Time ſince 
the Argonautic Expedition to the Beginning 
of the Year 1690; that is, 955 Years before 
CHRIST is the Ara. of the a 
Eupeditin. | 
55, BUT our great Author is more parti 
cular and ſubtile in this Affair. He finds 
the Mean Place of the Colure of the Equ 
axe 
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nxes and Solſtices, by conſidering the ſeveral 


Stars they pals'd through” among tlie oxher 
Conſtellations, as follows, according to E- 


brut. 1. 3 10 Nas 2 + 05 1 + tt its 


56.-IN the BatlewwP Ar be u: Brad of the 
6th Magnitude,” marked by Bayer; in the 
End of the Lear 1689, ite Longitude was 


$92 38 45 3 and che Equinoctial Colurdé 
paſſing through, according to . cuts 


the Ecliptic in 8 6 58“ 57 

57. IN me Head of Cetus are two Stars 
of the 4th Magnitude, called and E by 
Bayer. Eudaxus's Colure paſſing in the 
Middle between them, cuts the Ecliptic in 
v.62 58' 51”, at the End of the Year 1689. 

58. Id the extreme Flexure of Eridanus 
there was formerly a Star of the Ath Mag- 
nitude (of late it is referred to che Breaſt of 
Cetus). It is. the only Star in  Eridanus, 
through which this Colure can paſs; its 
Longitude was at the End of the Year 1689 
1 25 22 10˙, and the Colüre of the Equi- 
nox paſſing, e i cuts the FEI: 


v7 IT. 49% 
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a is A x Star . 7 the 4th b Wg 

called v by Bayer; its Longitude was y 230 

25 zo at the End of the Teaf 16893 and 
tho 


2 
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the Clues of the; Equinox, piſiagithreak 
u eus the Kaliptic in u G N . RE 
60. Irn the Right end af Felfan neh, 
delineated, is a Star of the 4th Ma 
whoſ Longitude at the But i tie. eu 
$68 g was * 24 2 5 "27%:angithg. Eguinge- 
del Oalure paſhog,; rough it cu 14h 
a eee ele 4 5 0 ns S N 88 9 
* ec 2A 5 172120308 749 10. n 1 
e prop 
6. Now the Bum e 6 58 31 
1 cheſe Places 5 5 oh ui ; 12 + 
_— Ole, vis, > 6 185 
f a Slat: 184 3 [7191434 84 78 110 
; 1414 Men 
Tho gt Pirtof which bu 29 50 


Which. 1s therefore the Mean Place, in y 
the Colure in the Egd of. the Year ib 
N 

did cut the Ecliptie. © 

62, AFTER. a like Manner he 2 
the Mean Place of the Yo fitig] Sumner Co. 
lire to be & 6* 287 47% which as it 55 Juſt 
90 Degrees from the other, ſhews 11 0 be 
rightly dedused. The E guinoxes b hai A 
then departed ; 29/ from the ij 
Points, of Chiron, ſhewy that 2628 The 
have elapſed ſince that Time, which z 
more 
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more correct than the former Number / Ar 
ticle 55) though: lar * only Eveniccn. | 


Years. 

63, Fre ſome ache Methods, of ure 
me be alle bels the Sahl, ex- 
zauts ought to be placed in that Age of the 
World; and having Hxed this rok ancient 

Epocha, 5 balk, 5 Computation with 
Reference ee in the future W of his 


Book, | Nas N ITY 19364 0 
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64. Aw thiks ou gre Audra, wht 
bis uſual Sagacityp o condutted! bis Holden, 
„e make his Otiropologp*fubs with the 
wot ork of  Natuge, with che Name of A 
ony, with Sacred Hö, with Eee 


nu, the Father of Profine'Fliforyy aa with 


ee, And though many have thought" fit 
& to eavil, and find great faut wit his Chro- 
by nology, yet, how) Kttle regard ought e be 


paid to them may from Rees Ap ar, Mat 
dir Pac Neterom was ery equa? to 
any Man in a the: common Qualifications of 
a Chronalogfh , and vaſtly 77 7 all in 
thoſe which were eſſent . Gentlemen thould 
have the Modeſty not to criticiſe on the grent- 
& Man that ever lived, tilt they bave 66n- | 
vince the World, at Jeaft, that they ner 
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7 the — in —— The Cindline 
-: of the SPHERE dgſeribed. The Post rioxs 
_ of the SPHERE.' The SOLUTION of Re- 
BLEMS an the CELESTIAL GLOBE. The 
TERRESTRIAL GLOBE deſcribed. Pro- 
- BLEMS'0n the ſame. Of the CoONSTBELL4- 
TIONS of the Northern and Southern Hy- 
— MISPHERE-». Flamſteed's CaTALocungf 
tbe STARS.,, Of the DisT ANCE and ofhir 
- Phznomena of the STARS. A Calculation 
| of the ſurpriſing VELOCITY, of Liehr. 
Of the ABBERRATION of Light, and the 
' Teleſcopic Moriox of the Stars by Dr. 
BRADLEY. .. The PRINCIPLES of .GN0+ 
.* MICS, or Art f DIALING. demonſtrated, 
a DIALING-SPHERE.:, Aſtronomieal 
Doctrine of the SPHERE, and  Methad of 
calculating SPHERICAL'FRIANGLES.. The 
HaRrvesT-MooN explain'd. How tojfind 
2 MzRIDIAN Ling. The FiGURE and 
DIMENSroNs of the Earth determined by 
actual 
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adual Menſuration of a: DEGREE: under 
the ARCTIC CIRCLE and at PARES; 4 
new CALCULATION on that Head. Of the. 
Ox THOGRAPHICAL- PROJECTION. Of 
the .STEREOGRAPHICAL| PROJECTION. 
The Globular Projection. Q MERCA= 
ToR's CHART, and @ new Method of Con- 
Aructing the Table of MER1DIONAL Parts 
by Fluxions. + The Nature of the RRHUMB- 
LINE inveſtigated, and applied in Sailing. 
A new MAP. F the WokLD on the Glo- 
bular Projection. A Mae gf: ths Coun- 
try in Lapland where the Arch of the Me- 
ridian was meaſured yu tbe French ws 5. 
Mathematicians. 


N this Lede I hall * ok Us 
of both the Globes, by giving a ſuccin& 
Account of the Nature and Deſignu of 
each, and a Solution of the Principal Pro- 
blems that are uſually performed thereby. 
Each Globe is ſuſpended in a General 
Meridian, and moveable (within an Hori- 
zon) about its Axis, in the ſame Manner plate 
as the Armillary Sphere of the Orrery; and LXVL 
the Circles of that Sphere, already deſcribed, Fis-· + 
xe laid on the correſponding Parts of the 
Surface of each Globe ; and are ' therefore: 
luppoſed to be known. 
THE 


134 


The fe of the GH 
Tux Surface of the Giwnsr+M. Gude 


n a Repreſentation of the Comrave Sure: 


of the Srarly 'Firmament; there beikg de- 
picted all the Stars of the firſt and Seth 


Maguitude, aud 'the' moſt noted of all e 


reſt that art viſible. So Wat by this lhe 
we may ſhew the Face of rhe Hab tor 
any required Time, by Day or Ni, 
throuphout the Years in general; d in 
regard to any partiemiar Body, av” the Sl, 
Mom, Planer, or Fited Star. 


Tat Stars are all diſpoſed into ont. 


tions, under che Forms of Varidus R- 
mals, whoſe Names and Figures are qrivited 


on the Paper which covers the Globe q which 


were invented by the ancient Aſtronomers 
and Poets; and art WII retaitied For dhe fab 
of Diftinftivk and better Arrangemem & 
thoſs Luminattes, Which world be ohhets 
wile too confided and promiſeuous for auf 
Conception, and a regular Method: of wen- 
ig en them (GN. V“). 


{OXLV) 1. The Surfate of this CITTI Si 
may be efteemed' a juſt and adequate Repreſeſſtgtiſ oi 
the concave Expanſe of the Heavens; e 
its Convcxity ;, for *tis taſy to coriceive the Oye 
in the Oentre of * Globe, and viewing de 
its Surface, ſuppoſing it made of Glafs, as forze of Ment 
are; and Aro, chat ff Holes were made in We 
of each Star, the Eye in the Oertre of We hs 

| properiſ 
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1% erdet te wadetitand! the fuſtowing 
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«Hl, view w, hrowgh eac of d 
i 185 Stars WF thi 
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2. red it would be dern 227 4 
lar Ideas or \Netions of the Stars in r of 
der Namder, Kagatteude, Gräber, „. with 
ont firſt reducin em de proper Ciaſſes tad 
them in certain Forms, which. 7 7 are call'd AsTE- 
asus or CONSTELLATIONS ; this was done ih the 
erty Ages of the Werld by the fil Obſervers. of — 
Heens, and thoſe who wh Spheres or Deli 
of whom Sir Iſaac Newton reckons Chiron the cit 
the firft who foͤrmed the Stars into CdnANarions; 
the Time of the Ag f Expedition, er ook After ; 
6 Forms or Afterions were, as it were, 
ſo many ſymbolical Hiſtories, or Merlorials of 
and Things remarkable in that amm Tk e, the 
Ram, is — for his leece, and was 
made the firſt of the Signs, being the Enh gn of the Ship 
in which Phryxus fled tb Cob Tn the Aal 
with Brazen Hoofs, damed hy Zafen 3 Grminiz the T wins 
viz, Caſtor and Pollux, two of the Argonauts ; the Ship 
dige and Hydrus the Dragon, &c. which all 
feſtly relate to the Affairs of that Expedition, which 
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happened about forty or fifty Vears after Salomon s 3 


Death, 

3. By this means Hity could make C es of tha 
Stats, record their Places in the Heavens, call thefn 
al by cheir Naines. Ffppurehu in faid to be the firſt 
who framed a Catalogue of the Stars, which was after- 
Wards copied by Prong, aud wdjuſted to his www. 
Time, J. D. Tao. Th Namber in this was 1026. 
After this Une Beigh malle 2 Catalogue of i029, re- 
duced to the Year 1 Tychs Bra roctiſied the Placey 
of 100d Stars; bet bi Ede Catalsgue, publiſhed by Long“ 
montanus, i but 7 the Yar 1600. 
publiſhed a Catalogue HY | vida; TR compoſed a 

| Catalogue 
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cleareſt and darkeſt Night. They are rectified for the 
Year 1689. They are diſtinguiſhed into ſeven Dept 
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the following bäude. in relation there. 
me ll 1 220 Le orig 

IL THE — of the Sun al 
Stars 1 is their Diſtance from the 
in Degrees of the general Meridian, tom 
either Pole, North or Sout bd). 

II. RIGHT ASCENSION is that Degree a 
the Equinoctial reckon'd from the Begin. 
ning of Aries, which comes to * ain 
with the Sun or Star. 

HI. OBL1QUe 3 is na De 
gree of the Equinoctial which comes to the 
Horizon when the Sun or Stat is "riſing: 
And Obligue Deſcenſion is that Point which 
comes to the Horizon on the Weſt Par 
when the Sun or Star is deſcending .or 1 
ting in an oblique Sphere. 

IV. ASCENSIONAL DIFFERENCE is "th 


Difference between the Right and Ar 
Aſcenſion. 


2 


V. Tax 


Catalogue of 1888 Stars adjuſted, to the Year 1660, 
But the largeſt and moſt compleat of all is the Brit 
Catalogue by Mr. Flamſteed, containing about 3000, d 
which ſcarce 1000 can be ſeen by the naked Eye in the 


of oj wy es S>65 So 5+ at th 
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of Magnitude, in their proper Conſtellations ; 
Names, Latitudes, and Longitudes here follow, to 
ther with the Number of Stars in each, and of es cg 
ticular Magnitude, as I have taken them from the 
Volume of the Hiforia Cwletis. Note, the firlt La 
titude is South, the other North, in the Twelve Signs 
unleſs marked to the contrary. 

| 4. Tie 


1 


1 


The Uſe of the Guns. 


v. THe Lonc1TUBE of the Sun or Star 


Point of Aries, and that Point of the E 
te to which the Luminary is referred by 
the Meridian paſſing” through it; and ig 
therefore reckoned nn r 
the Ecliptic. A 


4. The Conflellations of the ren $10xs, ; 
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is an Arch of t the Eckptie, between the firſt | 


Names, e TF FEAT: 7 
a Y 26 49 
Aries. * 8 21 06 
Taurus. 8 10 49 
hs _ | 26 36 [05 
) Gemini, H 14 11 
ſet- — [212 33113 
| W 22 
"WE [a= 19 
the 54 & 10 57 
qu 1 29 42 
| Virgo, ＋ yy 
14 hp ar. 
Libra. 2 45 
500 Scorpio 'm 26 48 
110 9035 ＋ 20 46 [1 
0 Cagittarius, | 4 — 4 
the Capricornus. by #7 26 
555 _— E21 29 [0 
” Aquarius = 07 24 
. d 6 * 21 57 
-# Piles. 0 X 11 06 
* * J 26 47 
2 Vol. III. 
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VL TEE. LATITUDE of a; Star is in 
| Difence.. from the e towards - the 
North or South Pole. 
VII. 1 the Diſtance at which 


* 
. N 3t | 


the Sun. or Stars riſes or  fets, froth: the Fa 


or Weſt Point of the Horizon, towards 
the North or -South. 
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5. The Conftelaiions of the NoxTHERN HemSPuns, 


eee. jo E — . be | 
E 
e 
an., 127 1 68/1 |2 N a 5 
ne. — — 815 E to ok ror 
e 
eee 
. 03 of} ©4114 
. . 
e 
Delphinur. = 25 — — 18] 0/0] 6 9: 9 
Draco. oy B7 25 49 117 E 
h, El 55 | eee 4 95 


2 


S1 


— 1 


— 


e 


| 


2 


— 


—— — 


rr 


= 


| md 
* 


. 


vill. Arrmurk is the Diſtance between 
Point of the Horizon, and the 
point Where the Vertical Circle, "paſſing 


the North 


through the Body of the Sun 
the Horizon. 5 
IX, Tur ALTITUDE of 


9 5 * 1 
Nen 


or Star, cuts 
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Cart 


the Sun or Star 


is its Height above the Horizon, meaſured 
F | ar ee x DATION. ＋ 


* LETS 4 17 
11 * 


Hercules. 124 29 9, 2 "is 2 (38 : 
v 229 80 | * ES 
Le Minor. ng 9 4 5.11/33 3 | 
X 19 49 FE 
Lacerta. 6 3' 7 
Her. K 9 45 #521 I 
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iner — — 
ow eM. f 48 N 85 
3 AN. NA 
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8 5 PP vp © PEER 
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Err 1 28 59Þo[1]7]5 gþþ0 
F o 23 459-1] o 2. 
worn EEE 
Serpentarius, orf 27 58 6 54 69.0 11 7115113126] 7} 
| Opinchas. vp 1 2937 18 E LE 
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r 
or moveable Azimuth: Circli6. 
X. A Star is ſaid to riſe or ſet. Co 
n it riſes. or mag A Py hs 
Wo eee 9H if i ri 
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The e the Gross. 
XII. A Star riſes ©: when it 
emerges out of the Sun-beams, 25d is ſeen 


in the Mornin IIS And it 
ſets Hehacally,* when it is ſo dend 
that it cannot be ſeen, 6g Su 
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7. In the Zodine, * * 
In Northern Hemiſphere, 
In Southern Hem /phere, 


dem of all the STArs, 
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. l .* 
and all, its Parallels cut the 
9 : | . 
Right Angles. ne * 49) eee THe: + 


( 2.) If any Star, which now appears, ſhall in Time to 
appear be the fame with à Star that has appeared for- 


Horizon 


8. The Uſe of ſuch a Catalogue of Stars iz very ne 
for from hence we learn, (I.) If wh new- Stars 2 
Time appear, which have gever been obſerved befor, 


dome diſappear. (3.) If the new Star which hal 


merly; and therefore, (4.) If the Stars have any peri- 
odical Times of Apparition. Hence (5. The Men 
or Method of predicting the Appearing or Diſappeating 
of Stars. (6.) By a Catalogue of the Stars we com- 
pare their reſpective Places, Situations, and Diſtances 
with Eaſe. (7.) By this Means we alſo compare and 
determine the true Places and Motions of the heavenly 
Bodies in general, and of the Sun, Moon, 'Planets, and 
Comets in particular, with many other uſeful Ruypoſes 
it ſerves beſides. OOO ions ag re I} 
'g. Now it is actually Fact, that ſome new Stars p- 
pear, and that others diſappear : yea, that they change 
their apparent Magnitude, and diſappear b 1 
Hipparchus the firſt of Men obſerved a new Star, (120 
Years before Chriſt) which occaſioned his making i 
Catalogue of the Stars. Another is ſaid to have appear'd 
A. D. 130; another A. D. 389; one exceeding bright 
in the gth Century, and another in the Year 1204. 
10. But the firſt new Star, of which we have any 
good Account, is that in the Chair of Cafſiopera, fil 
obſerved by Cornelius Cemma on the gth of November 
1572, and by Hebo Brahe on the 11th. Sir Jar 
Newton ſays it equalled Venus in Brightneſs at its fiſt 
Appearance, and gradually declined in its Luſtre, till i 
— — in the March following. This Stur 
is ſuppoſed to be the ſame that appeared in the Year: 
45 and 1264, having its Period about 310 or 320 
len. 128 
11. In Aug. 13, 1596, D. Fabricius obſerved another 
new Star in the Neck of the Male; and through the 
37th Century this Star was obſerved to appear and dif- 
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The Uſe of the Gros. 


AV. A Paralld Sphere is that "whoſe 


Poles co-incide with the Poles of the Ho- 


rizon, 


a riodically, its Period being equal to 333 Days. 
44 — of this and the like Stars ot 5 oſed 
to be owing to the Spots on their Surface, which ſome- 
times increaſe, and ſometimes decreaſe, in the Man- 
ner as we have obſerved they do on the Surface of our 
Sun, | %.31 | bs 

12, For that the Stars are really unt, and have each 
a Syſtem of Planets, Ce. about them, like ours, can 
be no doubt to thoſe who underſtand the Rules of Rea- 
ſoning rightly, as I have before obſerved, Arnot. 
CXXXI, And therefore, as they revolve about their 
Axis, thoſe Spots may cauſe a great Alteration of Luſ- 
tre, and ſometimes wholly obſcure them for a Time. 
But it is no Wonder if Bodies at ſuch a Diſtance ſhould 


have Appearances produced by Cauſes quite unknown to 


us. See more on this Head in Dr. Long: Aftronomy. 

13. As to the Diſtance of the Fixed Stars, we had 
but ſmall Hopes of any Eſtimation of it, till Dr. Brad- 
ly began his Obſervations on them with an Inſtrument 
ſo very exact, as that he is of Opinion, if the Paral- 
lax of a Star amounted to but one ſingle Second, he 
muſt have obſerved it; and therefore that ſuch a Star 
muſt be above 400000 times farther from us than the 
dun. * D She 

14. For if S repreſent the Sun, T the Earth, AT B 
its Orbit, and R a Star at ſuch a diſtance SR or T R, 
that the Semidiameter of the Orbit 8 F ſhall ſubtend 
an Angle TRS = 30“, or half a Second, then we find 
the Dillance S R by this Analogy : cet | 


As the Tangent of the Angle TRS = 30''= 4.371 914 
Js to Radius 909 =-10.000000 
$0 is the Sun's Diſtance &T=1= 0.000000 


To the Diſtance of the Star SR= 424700 = 5.628086 


15. But the Diſtance of the Sun ST= 20000 Semi- 
vameters of the Earth (ſee Annot. CXXXIV.) ; and 


S 4 ſuppoſing 


plate 
LXIII. 


Fig. 4 * 
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noctial with the Horizon; and all the Br. 
ſuppaſing SR= TR=) 420000 ST, an the Dif. 


or 7000000 Miles per Annum, yet it would take-up 
4571430 Years to paſs from the neareſt Star to us, A 


from us to the Star; (ſee Aunot. XXV. 4.) yea Light 


The Uſe of the Growes,” = 
rizon, or Zenith and Nadir; and the qui, 


rallels parallel thereto. 5 
XV. Ax 


tance of the Star from the Earth TR =400000X 20000 
8000000000 Semidiameters of the Earth, or 8 ooοοοοοοο 
X Ac Oo = 32000000000000 Miles of ug Meaſure. 
Hence it appears, that though the Velocity of Sound he 
ſo very great as at the Rate of 1142 Feet per Second, 


Cannon-Ball would take up twice that Time to paß 


itſelf, with the inconceivable Velocity of 10000900 
Mites per Minute, takes up more than 6 Years in-com- 
ing from the Star to us. Therefore how immenſely 
great muſt thoſe Luminaries be, which appear ſo bright, 
and of ſuch different Magnitudes, at ſuch immenſe 


Diſtances ! Wo: 
nt Magnitudes af the Stan 


16. The different ap 
are owing to their different Diſtances from us, Had 
we Teleſcopic Eyes, we ſhould fee many more. 
Stars, and more, have been diſcovered in the. ale 
(commonly called the Sever Stars ;) and all that Tad 
of the Heavens called the Miltiy Way (or Gala) 
well known to be owing to the Refulgence of a prodis 
gious Multitude of Stars diſſeminated through thoſeParts 
of the Univerſe, though at ſo great a Diſtance as ts be 
inviſible to the naked Eye; yet are they diſcernible in 
great Numbers through a Teleſcope, and more in Pro- 
portion as the Inſtrument is better, | 

17. Hence likewiſe we account for that particular Phe 
nomenon we call a nebulous Star, or cloudy fain 
bright Spots that appear like Stars in an indirect View; 
for in order to this. you have no more to do than only 


to direct a good Teleſcope to any one of them, and : 

pu will be agreeably ſurpriſed with a View of a 8 
ultitude of very ſmall Stars, which were the auſe 

of the /umincus Spot to the naked Eye. | 10. 0 
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XV. Ax Oblique Sphere is that, one of 
whoſe Poles is above the Horizon, and 

18. To the ſmall apparent Magnitude of the 
Stars we OWE Pre Bo wo Twink! 1 1 for being but 
Jucid Points, every opake Corpuſcle or Atom floating 
in the Air will be big enough to cover and eclipſe them, 
when they get in the right Line between the Star 
and the Eye ; which Alternations of momentary Occul- 
tations and Apparitions make the Twinkling of the 
Stars we now of. | | 55 

19. I ſhall here giye a fuller Account of the ſmall 
elliptic apparent Motion of each Star about its true 
Place, which I have already begun in a former Annote- 
tim, And in order to underſtand the Force of the Ar- 
gument, the following Repreſentations are neceſſary, 
viz. Let S be the Sun, ABCD the Earth's Orbit; 
and from S ſuppoſe a. Perpendicular erected, as 8 P, 
paſſing through a Star at P. Now if the Spectator were 
at 8, he would view the Star in the ſame Perpendicu- 
lar, and in its true Place P, projected in the Point p in 
the viſible Surface of the Heavens. But if the Specta- 
tor be carried about the Sun in the Circle AB CD, 
whoſe Diameter is ſenſible at the Diſtance P, or ſub- 
tends a ſenſible Angle AP C, then in the Poſition A 
he will ſee the Phenomenon P in the Right Line AP a, 
projected in the Point a. For the fame Reaſon in the 
Points B, C, D, the Star will appear in ö, e, 4; ſo that 
it will ſeem to have deſcribed the little Circle a B c d. 

20. If the Niſtance of the Star 8 P be ſo great, that 
tae Diameter of the Earth ſubtends no ſenſible Angle, 
but appears as a Point, then will alſo the ſmall Circle 
ab c become inſenſible ; and all the Lines AP, BP, 
Ec. may be eſteemed perpendicular to the Plane of the 
Ecliptic, and be directed to the fame Point in the 


Heavens with the Perpendicular 8 P, as to Senſe, 80 
that in this Caſe the Star P would ever appear in the 


ſme Point p, if Light were propagated in an Inſtant. 


21, But if in this very Caſe, in which the Star is ſo 


remote, Light be propagated in Time or with a certain 
Velocity, then as the Earth deſcribes its Orbit a Spec- 
tator 


= 
. 5 


The ow on the an 


* bi and 


tator will bee the Star in an oblique Direction, and not 
ö in the Perpendicular, as we have formerly ſnewu: Tha 
is, if Gr be a Tangent to the Earth's Orbit i in 5 
and B E perpendicuſar to the [46 of the Eclip tic in 
the Point B, then while the Earth moves . b the 
e ſmall Arch G B, a Star at E will a 
to moye from E to e, or to be in e when the 
arrives at B, 

23. Now ſince the Diſtance 8 B is but a Point with 
reſpect to the great Diſtance $P of the Star, it fi 
that we may refer the SpeQator from the ſeveral Points 

OC D, to the central Point $, for obſerving the 
Phenomena of the Star at P, which will pot be altered 
thereby. Therefore if c a be parallel tb 4 C, and you 
make the Angle P'S à equal to the Angle EB. *ti 
plain the Star Þ muſt appear in a, in the Pirettion $ « da. 
Alſo when the Earth is at D, the Star will be ſeen in 
the oblique Direction S gat g, the Spectatot being re- 
* to 8. 

For the like Reaſon, viz, becauſe þ d is parallel 
a alike ſituated in reſpe& of D B, and to the Tangents 
in D and B, therefore the Star at P will appear in d 
and þ when the Earth is at C and A; and fo during the 
Space of one Year the Star P will ap ar to deſcribe a 
fmall Circle ad cb, ſuppoſing the Star in the Zenith E 
of the Spectator; Nn if the Star be at any Diſtance 
from the Zenith, the ſaid ſmall Circle will become an 
Ellipſe, as in Fig. 

24. Theſe PAT elliptic Motions of the Stars oe⸗ 
caſioned their Declinations to vary, and alſo their Diſ- 
tances from the Poles of the World, and that by the 
Space of 20” J on one Side and on the other, Now 
this could not happen on any account. of Refraction, 
becauſe the ſame thing was as well obſeryed of Stars 
near the Zenith, where there is no Refraction, as elk- 
where ſituated. Nor could it reſult from any Nutatim 
of the Earth's Axis; for that would have made the 
equal Diſtances of the Stars on oppoſite Sides of the 
Pole unequal, which never happened. 

25. Neither 
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und its Parallels obliquely. cutting the fame 
(CXLVT). | Sawan, 41 
| | | Tak 


25. Neither can this be a Parallactie Motion of the 
Stars; for then while the Earth deſcribed the Half of 
its Orbit ABC, the Star would deſcribe the Semicircle 
ab e; whereas it is found by Obſeryation, that the Star 
deſcribes the ſaid Semicirele a hc while the Earth de- 
ſcribes its Semi-Orbit BC D. (See Are. 22, 23.) 
Therefore it muſt ariſę ſolely from tbe Velocity of Light 
bearing a ſenſible Propartion to the annual Motion of the 


(CXLVI) 1. The three Poſitions of the Sphere 
here deſcribed are repreſented in ſo many Figures; the 
firſt of which is the Direct or - Right Sphere, which is 
proper to thoſe People only who live under the Equi- 
noctial Circle E Q, becauſe to them the Poles of the 
World P and S will both be in the Horizon HO. 

2. The ſecond Figure repreſents the Parallel Sphere, 
where the Axis of the Earth P'S is perpendicular to 
the Horizon, or the Poles, P, S, are in the Zenith and 


Nadir. This Poſition of the Sphere is peculiar to the 


Parts of the Earth under each Pole ; whoſe-Inhabitants, 
if any there were, would perceive no circular Motion 
of the Sun, Moon, or Planets, nor any Motion of the 
Stars at all. But this muſt be underſtœod of a Perſon 
ſtanding preciſely on the Ends of the Earth's Axis, 
which are the only Points on the Earth's Surface which 
have no real Motion, and conſequently which can 
produce no apparent Motion. N 

3. The Oblique Sphere is repreſented in the third 
Figure, In this the Axis of the World PS makes an 
Angle PE Q with the Horizon H O, of a greater or 
leſſer Number of Degrees according to the Latitude 
of the Place, Hence it appears, that all the Inhabi- 
tants of the Earth have ſuch a Poſition of the Sphere, 
except thoſe under the Eguinoctial and the Poles. 


4. The Arch PO meaſures the Altitude or Hei ht 


of the Pole, or what is commonly called the Pole's Ele- 
vation; and this Arch P O is ever equal to the Latitudg 
4 the Place /E Z, as will eaſily appear thus: It is Z 
\ 3 LN - 17 A . + Z P 
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Of 


Fig. 3. 


| the followi ng. | bl 


Point of the Globe, and conſequently that to 


the Latitude Z P is equal to the Elevation of the 
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\ 8 
4 ZP = (MP =Quadratit zz) ZP+POS2Z0, 
if therefore from the two equal Quadrant AP =Z0 


u ſubduct the common Part or Arch P, the re. 
maining Arches ZX Z = PO; which was to de fhews, 


F. Hence appears alſo the Reaſon of the Method of 


rectifying the Sphere or Globe for any given Place 
or Latitude  Z, viz. becauſe if the Pole Phd. 
vated ſo high above the Horizon as the Place is Yiftant 
from the Equator, the ſaid Place will then be the bighe 
ich 


alone all the Phenomena of the Heavens and the Earth, 
in ſuch a Poſition of the Globe, can 98. 2 
6. Hence alſo we obſerve, that Complement of 


tor & H abave the Plane of the Horizon. For #7 
+ZP= (EP=ZH=) Z A + AH; therefore 
ſubduct the common Part Z, and there remains on 
each Side Z PSM KEH; which was to de then, 
Whence the _ Z RN FE a * 
Any great Circle Sphere paſſing 

he Zenith and Nadir Z and N, as ZE Ny 271 
are called Azimuths or Vertical Circles ; of which that 
which paſſes through the Eaſt and Weſt Points of the 
Horizon, as ZE N, is called the Prime Vertical The 
Arch of the Horizon A E is the Amplitude of 'a h- 
nomenon emerging above the Horizon at the Point A; 
this 1s called 22 Amplitude, becauſe it is rijmg 
as on the Weſtern Side it is called the Occa/ſive dal. 
tude, becauſe it is there ſetting. ' The Arch AB me- 
ſured by a Quadrant of Altitude Z A is the Alta 
of any Celeſtial Body at B, above the Horizon.” * 

8. As I judge this a proper Place, I ſhall here explain 
the Philoſophical Principles of Gnomonies, or che r 
of DiauLinG, In order to this we are to conſider, 
that as the Time which paſſes between any Meridian 
leaving the Sun and returning to it again is divided into 
24 Hours, ſo if we conceive a Sphere to be _— 
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. PROB. I. To red the Glue 2 + 
. ELEVATE the Pole to the Lafitude' of 
the Place, and every thing as directed un- 


with 24 of theſe Metidians, the Sun will orderly come 
or be in one of them at the Be igniog of ev 
Hour, Such a Sphere may be re 5 nted by the Fj- 
PDSB, where the ſeveral Meridians are repre- PLLXV. 
ted byt 1S, P28, F 38, and fo on to twice 12, Fig. 4. 
or 24 in all. ee Wert | Noe” 1 
8 Since theſe Meridians divide the Equinoctial into 
24 equal Parts, each Part will contain juft 155, becauſe 
15 X 24 = 360%= the whole Circle ; and ſince all the 
Mains paſs through the Poles of the World, the 
Planes of thoſe Meridians all interſect each other in one 
common Line P $, which is the Axis, of the Sphere, 
therefore the faid Axis PS is in the Plane of each of | 
the 12 Meridians. 65 1 
10. Suppoſe Z to be the Zenith. of any Place, as 
Lindin, and D WBE the Plane of the Horizon fixed 
within the Sphere, conſtructed with the ſaid 12 Meri 
dans or Hour-Cireles, 1, 1, 2, 2, 3, 3» 4, 4, Cc. then will 
the Axis of the Sphere P S paſs through the Centre of 
the Plane at N, ſo that one Half NP will be above the 
Plane, and the other Half N S below it. | 2 
11. Suppoſe now this Dialling- Sphere to be ſuſpended 
dy the Point Z, and moved about ſo as to have the 
Points D and B exactly in the South and North Points 
of the Horizon, and E and W in the Eaft and V 
Points; then wilt the Sphere have a Situation every 
way ſimilar to that of the Earth and Heavens with re- 
ſpelt to the given Place London, and the Axis of the 
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dphere to that of the Earth. | 
12. Therefore the Sun ſhining on ſuch a Sphere will 
be attended with all the fame, Incidents, produce, 


all the ſame Effects, as would happen if the ſaid Sphere 
were at the Centre of the Earth, or the Centre N of 
the Sphere coincided with the Centte of the Earth; 
becauſe the Diſtance betwixt the Surface and Center of 
tue Earth is inſenſible at the Diſtanee of the Sun. 

3 7M 13. Now 


der P ROB: II. of the ' TerFeftrial "Chis, 
| *whick Tee; welt «1 4 24127 Ab 344 
An Besse, cn Satt Ve bay: ali 


L 3. Now tie Sridenb, as be Stim roveliey abou ſuch 
A.Spherey it will every Hour be upon, one Half or « 

| 2; the 12 Hour- Circles, viz, ty Maiden to 91 

it will be on thoſe Parts of the Cireles which ate in 

the Eaſtern Hemiſphere, and from Noon to Midnight it 

Will paßt over all thoſe in the en. It is allo far. di 

© Herevident, that while'the Sun is in the Eaſtern He- R 

miſphere it will be firſt below and then above thePlane th 

of the Florizoyy, ap vice ver/a on the other Side. 4 

134. Again: When the Sun js upon any one of theſe nc 

Hour-Circles, by ſhining upon the Axis it cauſes it to n 

{ 

W 

nf 

be 


* 


t 
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caſt a Shadow on the contrary Side, on the Plane of the 
Horizon, on the yether or upper Surface, as it js below 
| or above the faid Plane. This Shad6w of the Axis will 
'Y be preciſely in the Line in which the Plane of the Hour- 
a Circle would interſect the Plage of the Horizon; It 
therefore Lines were drawn through the Centre N. th 
joining the Points on each Side the Plane where.the $0 
Hour. Eircles touch it, as 4N 4, 5N 5, 6N 6, Oc, the 
Shadow of the Axis will fall on thoſe Lines at the He- ha 


. 


il inning of each reſpective Hour, and thereby indicate the 
p the Hour-Circle the Sun is in for every Hour, of che Y 
i av. | To hp Ts 3 

be 15. Theſe Lines are therefore properly called Hir- 
ty Lines; and amongſt the reſt, char jblch repreſs the 50 
4 Hour of 12 at Noon is NB, half the Meridian- Eine Pol 
7 DB; whehce it appears, that the *H6ur-Lines N 1, de 
i | N 2, N 3,.&c. which ſerve for the Afternoon, lie on Pla 
bi the Eaſt Side of the Plane, and are numbered from the Lin 
mM North to the Eaſt ; and on the contrary. 3 alt? fro 
1 16. It alſo appears, that as the Sun's Altitude above il r 
i the Plane js greater or leſs, the Number of Hour-Cirdes hes 
q the Sun will poſſeſs above the Horizontal Plane will be and 
9 alſo greater or leſs, Thus when the Sun is at 8 in the 10 
A Equinoctial, its diurnal Path for that Day being the er 


Equinoctial Circle itſelf E E QW, tis plain, ſince the n 
Arch E = EQ, the Sun will apply to fix 5 — 
| | irc 
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PROB. II. To. nd the SUN'S" PLACE in 
the Ecliptic. bn SFO 78 , bao 
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Circles below the Horizon, and to Tix above it, in each 
Half of the Day; and conſequently, that on that Day 
the Shadow — but 12 of the Hour-Lines on 
each Surface of the Plane, beginning and ending at 6. 
17. But when the Sun is in the Tropic of Cancer, its 
diurnal Path for that Day being the T'fopic itſelf TC 
RF, 'tis manifeſt the Sun in the Forenoon aſcends above 
the Plane in paſſing between the Hour-Circles of 3 and 
4 in the Morning, and deſcends below it in the After- 
noon between the Hours of 8 and 9: Therefore on the 
Summer-Tropic the Shadow will paſs over 16 of thoſe 
Hour-Lines. And vice be when the Sun is in the 
Winter-Tropic at O, its Path being then O GI H, it 
riſes above the Plane between 8 and q, and leaves it 
between 3 and 4. e e e os bp 
18. From what has been faid *tis evident, that if pi. Lxv. 
the Circles be ſuppoſed removed, and only the hori- Fig. 5. 
2ontal Plane remain, with the Half of the Axis NP. 
above it, in the fame Poſiticn as before, then ſhould we 
have conſtituted an HoRZCZoN TAT DIAL, every way 
the ſame with thoſe in common Uſes as repreſented in 
the next Figure, with only the Addition of a Subſtyle 
PO, to render the Style NP very firm. 2 
19. Hence appears the Reaſon why the Gnomon or 
Style N P in thoſe Dials is always directed to the North 
Pole, and always contains ſuch an Angle PN O with 
the Hour of 12 N'B as is equal to the Latitude of the 
Pace : Laſtly, the Reaſon why the Number of Hour- 
Lines on theſe Dials exceeds not 16, and are all drawn | 
from 6 to 12 and 6 again on the Northern Part, the 
ove WY "ft on the Southern; and why the Hour-Line of 6 
des les directly EA and Vest, as that of 12 does North 
| be and South, a | 2 
the 20. If a Plane be fixed with the ſame Sphere in a Fig, 6. 
the Vertical Poſition, or perpendicular to the Horizon, and 
the WW inciding with the Plane of the Prime Vertical, i. e. 
Wur- icing full South and North; then will the Axis PS 
cles 3 | | {till 
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The Uſe of the Gronts = 
-" FrnD the Day of the Month in tlie Ca- 
lendar on the Horizon, and right again 


it is the Degree of the Ecliptic which the 


Sun is in for that Dar. 


fill paſs through. the Center of the Plane N., and th 


| lower Semiaxis N'S will by its Shadow. mark out the 


Hour-Lines on the Southern Surface, and the uppet 
Semiaxis NP will do the ſame on the Northern. Theſe 
Hour-Lines are determined in the ſame Manner a 
thoſe on the Horizontal Dial; and it is plain, the Sun 
cannot come on the Southern Face of this Plane before 
Six in the Morning, nor ſhine on it after Six in the 
r eng 

21. Alſo it is evident, that all the Hours beforeSix 
in the Morning, and after Six at Night, will be ſhewn 
on the Northern Face or Side of this Plane, fer-the 
Time of the Sun's being above the Horiaon in um 
Place, Hence the Reaſon. of a Dire& South and Nerth 


Vertical Dial eaſily appears; the latter of which is here 


repreſented apart from the Sphere, with its Style NS, 
Subſtyle, and Hour-Lines : And the ſame may be con- 
ceived for a North Ere# Dial. | » 11%; <6] 
22. The Gnomon NS contains an Angle'SND= 
Z NP with the Meridian or Hour-Line of - 12, 9. 
Z D, which. is exactly the Complement of the former 
PN B to go Degrees; or the Elevation of the Gnome 
is in theſe equal to the Complement of the Latitude of 


the Place: And what has been ſaid about the Reaſon: 


of the Hour-Lines is the ſame for. the Half-Hows, 
Quarters, c. Likewiſe if the Rationale of a Din 
Seuth Dial be underſtood, nothing can be difficult to 
underſtand of a Dial which does not face the South or 


North dire&ly, but declines therefrom any Number of 


Degrees towards the Eaſt or Weſt, But they who 


would know more of the Mathematical Structure and 


Calculations for all Sorts of Dials, may have Recourls 
to. the Second Volume of my Mathematical InsTi- 
TUTES, >. 


th 
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PRO B. II. ere Su 5 Dect1- 


NATION © 


RecTiey the Globe, bang ths: Subs 


F 


that Degree which it cuts in the Meridian 
i the Declination requited: 

PROB. IV. Toe the Sun's Rlenr 
ASCENSION GE Ad 
Baixo the Sun's Plaee to the Meridian, 
ind the Degree in whieh the Meridian cuts 


5 


err 


nr. 


quired. 


TUDE! 
BxinG the Sun's Place to the ben, 
1nd the Arch of the Horizon between it 
and the Eaſt or Weſt Point is the Amr, 


ik 211 


<A 
4 


don - North or South. , 

ROB VE. 7 Jmdthe eder vo. 
ir. for any given Day and Howr : 

E Bax the Sun's Plaee to the Meridian; 
et the Hour-Index to the upper XII. then 
n turn the Globe till the Index points to the 
eien Hour, where let it ſtand; then ſcrew- 
t 6 ing the Quadrant of Altitude in the Ze- 
% r it over the Sun's Place, and the 
who Auch contained between it and the Hori- 
8 wn will give the Degrees of Altitude re- 
rel. — nue 


W T 


Pace in the Eeliptie to the Meridiaty and 


the rene is e Akenfion res. 


PROB. V. To fud the nie, Aut. 


2 


5 * 


ln „!!!!! ts | a a on a 


Nr * 
„ 


' * 


The 97 of \ tbe Gong 


- 1P.ROB, VI. Toe en 
An any Hour of the Day: 
rvrz x thing,jþcipg, done 2s in-the lf 
” Broblem. the Auch, of the Horizon Con- 
tained betyeen, the North | Point and that 
where the Quadrant gf Altitude cuts i, 
in the Azimuth Faſt ot Welt as-requira 
PAQB. VII. bende Time when 
Sup riſes or tes. 
| n the Suns Place for the au Dr: 
ke it to the Meridian, and ſet the Hour- 
Hand to XII. then turn the Globe till the 
Sun's Place touches the Eaſt Part f the 
Horizon, the Index will ſhew the Hour of 
its Riſing : After that turn the Globe to 
the Weſt Part of the Horizon, and the In- 
dex will ſhew the Time of its rn 
the given Day. 
P ROB. IX. To find the Length of 7 
given Day or Night: _- 
Tus is eaſily known by taking che Nun- 
ber of Hours between the Riſing and Se- 
ting of the Sun for the Length of the Day; 
and the Reſidue to 24, for che Length e 
- the Night. 6 
PRO B. X. To find. the Hour o the Dy 
Having the Sun's Altitude grven : 
'  BriNG the Sun's Place to the Meridn 1 


and {et the Howr-Hond © XII.; hey] yn 
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The-Uſe af the Gun e 
the Globe in ſuch Manner, that mel Sun 1 


of Altitude, (fixed in . Zenith) - till it 


the Horary Circle the Hour required. 


or any PLANET, for any given Day: 
Tax E Parker's or Weaver's Bphemeris, 


you will find the Degree and Minute of the 
Sign which the Moon or Planet poſſeſſes at 


tons, The Degree thus found being marked 
in the Ecliptic on the Globe by a ſmall 
patch or otherwiſe, you may then proceed 
to find the Declination, Right Aſcenſion, La- 


Hut bing, Setting, Ec. in the ſame Manner 
2s has been ſhewn for the dun. 

PROB. XII. To explain the Phenomena 

of the HaRvEsT-MooN, 

[x order to this we need only der, 
that when the Sun is in the Beginning of 
Aries, the Full Moon on that Day - muſt 
be in the Beginning of Libra: And ſince 
when the Sun ſets, or Moon riſes, on that 
Day, thoſe Equinoctial Points will be in 
the Horizon, and the Ecliptic will then be 

2 leaſt 


place may move along by the Quadrant 
touches the Degree of the given Altitude; 
where ſtop it, and the Index will ſhew on 
PRO B. XI. To nd the Place of the Moon: 


and againſt the given Day of the Month 


Non, under the Title of Geocentric Mo- 


fitule, Longitude, Altitude, Azimuth, Ring, 


275 


ö 


274 
0 „ROB VI. me eee, 
en any Hour of, the Day; e 
Bvrzx thing. peing done as, in dhe ll 
6 Broblem;j.the Ach, of the Hotizon con- 
. tained; between, the North Point and that 
where the Quadrant of Altitude cuts it, 
| is the Azimuth Eaſt or Weſt as: required. 
Fan, .To find the Time ain. 
Sup riſes auer. 1 
| . END) the Sun's Place for W 
Fain it to the Meridian, and ſet the Hour- 
Hand to XII. then turn the Globe till the 
' Sun's. Place touches the Eaſt Part of the 
Horizon, the Index will ſtew the Hour o 
its Riſing : After that turn the Globe to 
the Weſt Part of the Horizon, and the li 
dex will ſhew the Time of its Venn k 
the given Day. 1 
PRO B. IX. To find the Length 1 g 
given Day or Night: _ 
THis is eaſily known by taking che Nun 
ber of Hours between the Riſing and get 
ting of the Sun for the Length of the Day 
and the Reſidue to 24, for | the Length on | 
the Night. | | 4 
- PROB. X. To find the Hour of th'Dy 1 
\.- having the Sun's Altitude given: 1 
| BRING the Sun's Place. to the Meridia b 


8 and ſet the Ann to XII.; 3 Bac. 1 
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the Globe in ſuch Manner, that che Sun's 


Place may move along by the Quadrant 
of Altitude, (fixed in the Zenith till it 


touches the Degree of the given Altitude; 
where ſtop it, and the Index will ſhew on 


the Horary Circle the Hout required. 


- PROB. XI. 7 fh the Place of the Moon: 


or any PLANET, for any given Day: 
TAKE Parker's or Weaver's Epbemeris, 


and againſt the given Day of the Month 


you will find the Degree and Minute of the 
Sign which the Moon or Planet poſſeſſes: at 


Won, under the Title of Geocentric M. 


tions, The Degree thus found being marked 
in the Ecliptic on the Globe by a ſmall 
patch or otherwiſe, you may then proceed 
to find the Declination, Right Aſcenſion, La- 


fitude, Longitude, Altitude, Azimuth, Ring. 


Suthing, Setting, Cc. in the ſame Manner 
25 has been ſhewn for the Sun. oh. 

PROB. XII. To explain th: Phenomena 

of the HAR vEST-MooN. 

[x order to this we need only e Pale 
that when the Sun is in the Beginning of 
Aries, the Full Moon on that Day - muſt 
be in the Beginning of Libra: And ſince 
when the Sun ſets, or Moon riſes, on that 
Day, thoſe Equinoctial Points will be in 
the Horizon, and the Ecliptic will then be 

S 3 leaſt 
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which the Moon deſcribes in one Day, dir. 


and a Quarter 


s and Full Moon in the Ferna! 


the Horizon; and therefore 


Tie U/e of - the Gion. 
leaſt of all inclined thereto; the Part br Arch 


zon; and therefore {© long will be- the 
Time after / Sun-ſet,' the next Night, before 
the Moon will riſe. But at the oppobie 
Time of the Year, when the 8un is in the 


13 


Equinox, the Ecliptic will, when the Sun 
is ſetting, have the greateſt A * 


vill in this Cuſe foon- aſcend, WIN 
a Quarter of an Hour; and ſo — 
Sun- ſet will the Moon rife the next Day 
after the Full: Whence, at this Time of 
the Year, there ĩs much more Moon-Ligbt 
than in the Spring; and hence this Au- 
tumnal Full Moon came to be called the 
Harveſt Moon, the Hunter's or Sbepberd' 
Moon: All which wilt clearly be. ſhewn on 
the Globe. 


P ROB. XIII. To repreſent the Pareof the 
Starry Firmament FJ any e * ur of 
the Night. 


RECTIFY the Globe; and turn it N 
till the Index points to the given Hour; 
then will all the upper Hemiſphere of the 


Globe repreſent the viſible Half of the Her- 
* vens, 
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ens, and all che Stats on the Globe will be 


be eaſily found, as 92 be 
PRO B. XIV. To find the 


5 


Meridiane Fo 122 2 
RECTIFY "the ( — for the Index t to 


to the Horizon, or Meridian afid the Inder 
will ſhew the Hour required, i 


Year any 


ridian_at XII u Night. 


obſerve what 
the North Meridian under the. Horizon ; 


gree, and it will be ee 
4822 e eee WII. \ 


4 oy ” 
* - 


TEL Gb of 
(CXLVIT) 1. 1 ſhall hers" 
= a Problem. K = Lo 
the Circles of the Celeſti * by "the - 
graphical Projeftion of the 0 in Planes: Thus; 
Let EN Qs be the General 1 FTE. 
RA Fo REN * A 
A Q the Equinoctial Line. 7 


H O the Horizon of London. C3 
C yy the Ecliptic, or Sun's . * 
Z D the Prime Fertical,.. or Ne | 


in ſuch Situations-as; exdftly h to | 
thoſe in the Heavens; which nay therefore 


PROB. XV: To find at what Time" the 
Star: will ge on toe Me 


BxiNG the Star "> the Makes, and 
Degree ef the Echptie is on 


then find in the Calendar on the Horizon 
the Day of the Near r 


12 EP 


A 


XII.; chen turn the Globe till the Star comes 


0 * \ 1 ty + | 
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2786 The Uſo of the Gio. 
Tuxer are the: chief -Probleins + on the 
e "Globe: | We now ane 


4 


£Y . On 
EP the Axis of tbe Eeliptee. r 
N As an Hour-Circle or Meridian. At 
Z AD an Azimuth CircleQ. ak 
EVP a Circle of Longitude. | 


5 I che Tropic of C rt. 
ir e the Tropic of Cupricrn. 

2. By Means of theſe Circles various Spherical Tr. 
angles are formed for Calculation. Thus let A be the 
Place of the Sun in the Ecliptie; then in the Right- 

angled Triangle AXC we, ; 
CA the Sun's Place, or Longitude fram cles 
nox 
A X the Sun's 22 — lie 
X the Sun's Right-4(c 
AC the Angle of O 100 uity of the Ee 
3. And * the Sun de in the Haris al þ 
on Se 5a of the Summer Tropic, and N MS anHour- 0 
T_ there is formed the Right-angled Triage 
OM. in which we have 1 
NO=ZZ= the Latitude of the Place Z. 
MO the Amplitude from the North. 
N M the Complement of the Sun's DecliatimRl 
ON M the Angle of the Hour from Midnight, 
O MN the fs le of the Sun's of 77 
Qn the ſame Tropical Day the Sun is at L at Sir 
0 „ becauſe the Hour-Circle of Six is projected 
5 Na. the Axis NCS; therefore in the Right-ange® 
_— ICK we have 
the Sun's Altitude at Six. COM 
CK the Azimuth from the Eaſt at Six. 
Ol the Declination North. "YL 
TICK the Latitude of the Place. 

5. Again; when the Sun on the ſame Day tome » 
the Prime Vertical Z CD, his Place when due Eoft wid 
Weſt is at G; therefore in the Right-angled Triangle 
GBC we have : 

GB the Sun's Declination North. © 
GC the Sun's Altitude when Eaſt or Weſt. 
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on the Terrefrialz but ſhall AV prefiſe 
the SRO — + 8) 
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BC the Howr of his heig due Elf or Weſt. 
B CG the Latitude of the qd * 
6. Suppoſe the Sun in the Horizon at M hs, 
then in the Right-angled Triangle MCR we have 
CM the 2 from Faſt by Welt: 50 
MR the — — ik des 
C R the Aſcenſſonal ! 
RCM E Tae of 'the Place. 
R MC the Angle of Poſition 0 0 9a 
7. In the oblique Trian AZN we . | 
Z N the Co-Latitude of the Place Z. 
AN the Co-Declination. | * 
A Z the Complement of the Altitude" A F. 4 
AN Z the Hour from Noon equal to E X. 
AZ N the Azimuth from the North. 
And the fame may de dons fon uny Stat at A, or any 
other Place. 
8. Laſtly, let Y be any Star, ten” in x the oblique 
1 NE we haye 
E the Co- Latitude of the Star. | 
YN the Co-Declination-of the Star. 
NE = KSS the Obliquity of the Eeliptic. 
NEY the Star's Longitude in * Ecliptic. 
ENY the Hour from Midni 
9. For the Canons and Method of Calculation I ſhall 
refer the Reader to the ſecond Volume of my To 
Trigonometer s Guide, what I have done being as much 
33 the Nature of the Subject at preſent requires: And 
thoſe who have no Globes may ſolve moſt of theſe (and 
many other) Problems by m geh Scientiæ Cœliſtis, 
= very ſmall Expence, and with che greateſt Exact- 


10. The Reaſon. of the Phenomenon we call the 
HarvesT-Moon'is ex pans >, by the Globe, and 
may alſo be repreſented in a Diagram thus. Let HO 


Cay 


* 


be the Horizon, Q the Equinoctial; then will T Plate 
de the Ecliptic, when the Beginning of Aries is in the LXVI. 
T 


Weſtern 


Fig. 2. 


22 ²¹ !] . CS 


2380 W of he Goat 
I. Tux LADITYDE of n Face i in 


Weſtern Horizon; but When the other 'Equibox is 
| there, t R will be che Foſition of. the Eeliptio..) On the 
| Vernal Equinex-if a. Full Moon happens, it will be at C 
vx ; in the Eaſtern Horizon. at Rifing ; inentDayithe Moon 
q will deſcribe the Arch Ce wherefore- he following 
[| Night ſp much Time will intervene between g lock 
and the Hour of the Moan's riſing, as is {pant in the 
Motion of the Globe, while the Arch C is ending 
above the Horizon... . D NM 
11. Whereas at the oppoſite Time of the Ve, * 
at the Autumnal Equine, if a Full-Meondapped, h 
the next Night the Moon's diurnal Auch 46 be devated th 
above the Horizon is C4 Ce but Poſition WW ch. 


of Ch is ſo much nearer. to the Horizon than © c it 
will aſcend much ſooner. above it, via. in aut one 
fifth Part of that Time, and ſometimes in de, heeaule 
the Moon's Orbit ſometimes makes a greateif: Angle 
with the Horizon than T CH = AC e, and ſometimes 
a leſs Angle than C H = a Cþ, But fot mom on t 
Subject ſee my Phileſopbical Grammar. 
12. Becauſe in many Caſes it is abſolutriy neteſſar) 
to have a MERIDIAN-Lixs at hand, I hall hene hew 
the beſt Way of making or drawing ſuch a one on any 
Plane where the Sun can ſhine, thus,” Let 3 ſtrait 
Plate Braſs-Pin or Steel Wire A B be fixed upright in the 
LXVI. Point A, on which Point as a Centre yon had-before 
Fig. 3. Adeſeribed ſeveral conoanttie Circles, as C DEq«F GH, 
e. Now to make che Pin A B exactiy perpeddicular 
let three Points be choſen in the outmoſt Cincle, 28, Bl |i 
G, H, in which place one Foot of the Compaiies, and BY be 
extend the other to the Top of the Pin & The Pin 
is to be bent one way and the other, till the faid Point Bl an 
of the Compaſſes will fall nicely on the Middle of the BY u 
Top B from each Point of the Circle F, G, H, 1d Bi « 
then is the Pin well adjuſted. * TS 
13. Then obſerving in the Forenoon where the Top. D 
of the Shadow A C touches any one Circle, there make Wl i: 


a Mark; 
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The V of the Gibs. 
pole; and 18-reckoned+ in Degrees of the 
General 2 3 at the 1 N 
tor. 0 FI Jie 

Il. ee is the Diſtance n 
the Meridian of any Place, and the firſt 
or ſtanding Meridian, reekoned in the De- 
erces of the Equator: towards 'the Fat cr 
Weſt. _— LETS: 

Il. A CLIMATE is'a Space of the 8 
Surface, parallel to the Equator, where the 
Length of the Day is Hun, an Hour longer in 
the Parallel which bounds it on the North, 
kan in that which men it on the 
South, 7 07 147 0 

V. . Tonne is Walden Divifion & the 
Lrth's Surface parallel to the Equator, in 
regard of the different Degrees of Heat and 
Cold, which we 0 m in the 1 
ceding Leaute, 


a Mark, as at Gi — then — We e 
Mark at E, where the Shadow's Point is in the ſame 
Circle again. Then biſect the Arch C E in the Point 
D, through which and the central Point A draw the 
Line AD, and it will be the Meridian Line required. 
If this be done in ſeveral Circles, the Operation will 
be the more exact and certain. | 

14, I have here added the Fi igures of the Celeſtial 
and Terreſtrial Globe, with all the principal Circles 
and their Names, as they are rectiſied for the Latitude 
of London. Note, Theſe Globes I now make froni the 
late Mr, Senex's Plates, of 3, 9, 12, 17, and 27 Inches 
Diameter, and with many. new Additions, Corrections, 
nd Improvements, 

v. Tur 


The-U/p of the Grows. 
V. Tur ANToEct are thoſe Inhabitant 
ridian, but on oppoſite Parallels, and am 
therefore equally diſtant from the -Equitor, 
Their Noon and Midnight are at the ſame 
Time; the Days of one are equal to: the 
Nights of the other; and their Senden o 
the Fear are contrary, ' 
VI. TAE PERIOECL reicht People wh 
live under the ſame Parallel, but oppoſite 
Meridians, The ſame Pole is elevated-and 
depreſs d to both; are equally. diſtant fron 
the Equator; and on the ſanie Side; when 
Noon to one, it is Midnight to the other; 
the Length of Days to one is the Cum- 
plement of Night to the other, and the con- 
trary, and the Seaſons of the Year, * 
ſame to both, at the ſame Time. 
VII., TüE ANTIPODES are thoſe ito 
| Feet ta; Feet, or under oppoſite Parallels and 
Meridians. They are equally diſtant fron 
the Equator on different Sides; have the 
contrary :Poles equally elevated the Noon 
of one is Midnight to the other; the longelt 
Day or Night to one is ſhorteſt to the other; 
and the Seaſons of the Year are contrary, 
A 
VIII. AL.80 the Inhabitants of the Tor 
rid Zone are called Au pHIScII, becauſether 
Shade dos fall on both Sides of them. 


The Uſe of the o 
IK. THosE of the Frigid Zone ag. l 


PxrISCI, becauſe ther ata 


ground them. © 
X. AND the e Thins, 


they caſt their | Shadows ani and way. 


or Space of Land, comprehending divers 
Countries- and * not — by 


Water. 


Land ſurrounded by Water. 


encompaſſed with Water all around, except 
on one Part, which is called 
XIV. Ax IsTHMUs, being that narrow 
Neck of _ n 6-200 wn 
none; ': 3.567) nne 
XV. A Phahontent is a nn 
part of Land ſtanding far out in the Sea; 
whoſe Fore-part is call'd a Wes or Head- 
Land, 'F 
XVI. THE" aa is che largeſt col- 
vaten of Waters, which lies between, and 
erz environs the Continents. i 
nM xv). Tur 824 i à ſmaller Part of che 
aqueous Surface of the. Earth, nN 


heir the Iſlands, Promontories, Te. + 
, ©" 42000 


EARN * 
rate Zones are called [/HETzrosc, becauſe 


XI. A ConNTINERT is the largeſt Diviſioh | 


XII. AN ISLAND is _ mall Tra: of 
XIII. A PENINSULA is a Part-of Land 
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vill. A Cbnr b a Part of the de 
where. environed with Landl except ana ne 
ſmall Part call'd andi: ww 
XIX. A STRAIT, which is —— 
Paſſagr joining it to the adjacent Sea; - 
XX. A LAKE 3 
f ſtagnant ria | mung by 


_ ©1420 193/45 h Has +: 18 os Mi 
Tus e ol Landlor Water ne 

no * —.— o 
10 Son Hein vas griinen [ 


I SHALL now: pibcrnit to the Solution 
__ moi uſeful ' Problem on the Ferre 
trial Glode, firſt premiſinig that t be Tiatitud: 
of a Place is equal to the Elevation of tie 
ar that Place; for if the Arch of the Me- 
-ridian between the Place and the Pole be 
added to the Latitude of the Place, it makes 
9o Degrees; alſo if it be added to the ble 
Elevation, or Arch between the Pole and 
- Horizon, the Sum is go Degrees: "Ro gt 
the Propoſition is evident. ; qu 
PRO B. I. To find the Auen 7 an 
Place 
BRING the given Place with Breads 
Aidian, and obſerve what Degree it is under, 


for that is the Latitude require. Wh 
PROB. II. To recti tbe Globe for an * 
| Place: | 5 ly 


Ra1sE 


Tho he ef the'Guovvs. 


RAa1isE the Pole ſo high above the Ho. 


Place; ſcrew the Quadrant of: Altitude in 
be Zenith; find the Sun's Place, and bring 
to the Meridian; fet the Hour-Hand to 
the upper XII.; and place the Globe North 
and South by a Needle; then is it a juſt Re- 
neſentation of the, Globe of the Earth, in 
regard of that Places for the given. Day: at, 


Noon. 


given Place: 


ad obſerve the Degree of the Equator un- 

der the ſame, for that . the 1 8 

tude required. 

de PRO B. IV. To find any Place 55 the FR 

akes titude and Longitude grven © 

les Brix the given. Degree of Longitude, 

and Wt the Meridian, and under the given, De- 

ence WW xrce of Latitude you _ ſee: the Place-re- 

þ quired. 

PRO B. V. To find all thoſe Places hich 
have the ſame Latitude and . Longitude 


with thoſe of any given Place 5 


9 then all thoſe Places which lie under tha 
00) Meridian have the ſame Longitude :' Again, 
turn the Globe round on its Axis; then all 


an thoſe. 


non, 48 is equal to the Latitude of the 


PRO B. II. To find the Longitude 7 A 


Baixe the Place © the'Brazen Medien, | 


BrntNG the given Place to the Meridiang . 


— 


— 


-— 
. 


| 
5 
i 
| 
1 
| 


— 


— — —ů—ů—ů— 


7 
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the Globe, till the ſaid Index points to the 
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thoſe Plates, which paſs under the ame 
gree of the Meridian with any given B 
have the ſame Latitude with it. BE 
PRO B. VI. To find all thoſe Places where 
it 1s Noon at 
95 n 1 
BRING the given Plaee to the wiede. 
"ſet the Index to the given Hour; then tun 


upper XII.; and obſerve what Places lie ui 
der the Braſs Meridian, for to them it is Noo 
at that Time. 
PRO B. VIL When it © Noo ar 
Place, to find what Hour it vey oth 
given Place: 
BIN the firſt given Place to the Meri 
dian, and ſet the Index to the upper XII.; 
then turn the Globe till the other given Place 
comes to the Meridian, and the er will 
point to the Hour required. 
© 'PROB. VIII. For any given How 
the Day in the Place where you are, | 
find the Hour of the Day m ay” oth 
Place. 
BIN the Place where vou are to the 
Meridian, ſet the Index to the given Hour; 
then turn the Globe about, and when tl 
ether. Place comes to the Meridian, the lr 


Dex 


eg bed rr — —. NR aA» 
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dex will ſhew-+the Hour.of-.the; Day there, 
as req uired. NW. 4 


PRO B. IX. — — 


Miles: «a IH 

BRING ond Place bis Meridian, over 
which fix the Quadrant of Altitude; and 
then laying it over the other Place, count 
the Number of Degrees thereon contained 
between them ; which Number multiply by 
bo and a half, (che Number of Miles in one 
Degree) and the Product is the Number of 


any 2 en, e er 


Engliſh Miles required. n 
PROB. X. To find bow any ane Place bears 
from another : sn 


BRING one Place to the Braſs Meridian, 
and lay the Quadrant of Altitude over the 
other; and it will ſhew on the Horizon the 
Point of the Compaſs on which. 5 latter 
bears from the former. 


PROB. XI. To find thoſe Plates als 


- Sun is vertical inthe Torrid Z ante, for 
ny given Dye TH e 

fing the Sun's Place in the Ecliptic © for 

the given Time, and bring it to the Meri- 

dan, and obſerve what Degree thereof it 

cuts; then turn the Globe about, and all 


thoſe Places which paſs under that Degree 
a the Meridian are thoſe required. 
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turn the Globe round, and Obſerve the tro 


are the Places required to be found. 


1. un of . Gb 


ROR XII. Jo t whetr D of the 
Tear the Sun will be vertical thany g 
Place in the Torrid Zane. 

— given Place e dais 
By mark the Degree exactly over it g then 


Points of ihe Ecliptie which paſs. under tha 
Degree of the Meridian : Laſliy, ſee on the 


Wooden Horizon, on what Days of the Yea 


the Sun is in thoſe Points of the Ecliptic; 
for thoſe are the Days required. 
PRORB. XM. To find thoſe Phacet inthe 
North Frigid Zone, where the Sun be. 
' Sins 10 hom conſtantly wit haut ſetting on 
any given Day between the 0c March 
and the roth of June: Tt 
Fx the Sun's Place in the Eeliptic for 
the given Day; bring it to the general Me- 
ridian, and obſerve the Degrees: i Deelins- 
tion; then all thoſe Places whieh are the ſame 
Number of Degrees diſtant from hg Pole, 


_ PROD. XIV. To find on u Day the Sm 
 " begins e ſbine conſtantly without ſet ting, 

en any giorn Place in the Ni Era 

Mr 1 Zone, and figw: lang. 
Nzeriyv the Globe to * * Latitude of 
the Place; and, turning it about, / obferve 


what Point of the Eclipuc between A 
and 


_—= ws) 9 mth... ow 


= SS & © 
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and Cancer, and alſo between Cancer and 
Libra, co-incides with the North Point of 
the Horizon; then find, by the Calendar 
on the Horizon, what Days the Sun will 
enter thoſe Degrers of the Ecliptio, and 
they will ſatinfy the Problem. 

PROB. XV. To find the Place oner whicd 
the Hun an e en 3 

FN the Sun's Place, and being it to the 
Meridian, and mark the Degree of Dechis 
ration for the giver Hour; then find thoſe 
places which have the Sun in the Meridian 
x that Moment; and among them, that 
wich paſſes under the Degree of Declina- 
tion is the Place defired. 

PROB, XVI. T6 find, for any given Day 
and Hour, the Places wherein the Sun 

ts then rifimp, or ſetting, ar an the Me- 
ridiaz; ag theſe Places which art en- 
Agbren d and thaſt which are nat. 

Fivp the Place to which the Sun is ver- 
tical at the given Time, and bring the ſame 
tb the Meridian, and elevate the Pole to 
the Latitude of the Place; then all thoſe 
Places which are in cke Weftern Semieircle 
of the Horizon! Have the Sun ring, and 
boſe in the Euſterm Semicirale ſec it ſetting 
ad to thoſe- under the N it is Noon. 
Vol. III. U. Laſtly, 
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Laſtly, all Places bone / the: nad un 
enlightened, * me ure, it wan 


nels: or Night. e 


PRORB-. XVII. 22 Day: avid of 
Solar er Lunar Echpſe being given, ty 
find all thoſe Places in * — 
d oill be uiſibls 1. $1 

FIND the Place to which =D Sunil 5 ver- 
tical at the given Inſtant, and elevate the 
Globe to the Latitude of the Place; then 
in moſt of thoſe Places above the Ho- 
rizon will the Sun be viſible during his 
Eclipſe; and all thoſe Places below the 
Horizon will ſee the Moon paſs through 
the Shadow of the Earth in her Eclipſe, / 

PROB. XVIII. The Length of a Depri 

being given, to find the Number of Mil: 

in.a great Circle of the Earth, and thenc; 
the Diameter of the Earth : 

ADMIT that one Degree contains 69: 
Enghſh Statute Miles; then multiply 360 
(the Number of Degrees in a great Circle 
by 697, and the Product will be 25020, 
the Miles which meaſure the Circumference 
of the Earth. If this Number be divided 
by 3.1416, the Quotient will be 7963 *. 
Miles, for the Diameter of the Earth. 

PROB. XIX. The Diameter f the Earth 
being known, to find the Surface in Square 
Miles, and its Solidity in Cubic Mites : 

Apulr 


— — 222 — — 0 SL — 


3 gs = © 96S 
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ADMIT the. Diameter be 7964 Miles z 
then multiply the Squate of the Diameter by 
3.1416, and the Product will be 199259205 
very near, which are the Square Miles in 
me Surface of the Earth. Again, multi- 
ply the Cube of the Diameter by o. 52 36, 
and the Product 2644667891 70 will be 
the Number of Cubic Miles in the whole 
Globe of the Eartn. 


PROB. XX. To 3 of the 
diurnal Motion Us the Earth: © 

SINCE a Place in the Equator deſeribes 
a Circle of 25020 Miles in 24 Hours, tis 
evident the Velocity with which it moves 
is at the Rate. of 1042 in one Hour, or 
17s Miles per Minute. The Velocity in 
any Parallel of Latitude decreaſes in the 
Proportion of the Co-Sine'sf Latitude to the 
Radius. Thus, for the Latitude of Landon, 


FF 51 Deg. 30 Min. fay, 

le As Radu: — 19.000000 
To the Co- ſine of Lat. De 

* 20 Ern be 9.794149 


ded So is the Velocity in the E- 
bs quator, n 2 2.232046 


— 


rth To the Velocity of 1 the reg Ef 2.032 19 5 


wart of London 1057s M. 
VU. 2 That 


(IT 


That is, the Cry of A thin about 

the Axis of the Barth at the Rite of 10%, 

Miles every Mimite of Time, But this; i | 

far ſhort of the Velocity of the annua Mo- 

| tion! about the Sun; for that is at the Rate 

of | 60000 Mites per Hour, or about 1000 

Miles each Minute, ſuppoſing the Diame- 

fer of the annual Orhit to de $2; lee 
of Miles (CXLVIN). | 


1 
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5 xLvm) : 1 might here ſhew how the ſeveral 

eri. —— . ar formed for the Solution of moſt 

of: the eagraphical: Problems, as I did before for the 
| Aſtronomical ones; but as the Method. is the | 
4 not again repeat it.” However, is he the 
Ideas of the above Definitions, Sc. I have added (a * 
before mentioned) 4 Print of each Kong Wie 
Rationale of the ſeveral Methods of ſolving Problem 
of this Sort cannot be well ſhewn wittiout. un Eye 


Tau 5 =» 


e. =o” kk © = 2 


pon the Globes and a Praxis cam uind voce with 4 
Demonſtrator. 
2. 1 ſhall here fubjoin a few Things relating to the 
| Magnitude of the Earth, and the Dimienſions of 1-1 
veral Parts, together with the Manner of acquirin 
Knowledge thereof, Firſt then, the bo buavty by 
and certain Method of doing this is, by firſt me 
the Length of a Degree of Latitude in the Media 
any Place; becauſe if the meaſure of em — . 
once found, the Earth round, *tis 
all the other Meaſures may eaſily be deduced a 
this, . 
3- Thus if I take the 72 of the North Pole· dur | 1 
in this Place with, à very or. Sextant, | 
and then proceed rely Tre. ox Souhyratd, p 8 
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THERE AS a Method uf de- 
ſcribing the * the Celeſtial and 


Terreſtrial 
the ſame Inſtrument J find the (al Star raiſed or de- 


preſſed juſt one Degree; then *tis evident I muſt have 
jſs' over juſt _ Degree on the Earth's Surface, 
which re might be — by actual Menſuration, 
were it poſſible to find ſuch Part ef he Earth's Sur- 
face as is exactly even and ſpherieul, and truly i in the 
lame Meridian. 

4. Now 'this is ſearcely to be expected any where, 
except in ſuch a Country as Holland, which {> 1 
jo when overflowed with Water, and that frozen into 
Ice, the ode pry wie} cr pra Truth; and a De- 
gee meaſured in the ian upon this Ice muſt of 
courſe be pretty exact, if due R be had to Refrac- 
tions in taking the of the Pole. Thus Snellius 
adually meaſured the 
Laden and another at Soutæruode three Times over, and 
then a ſtraight Line in the Meridian on the Toe, whence 
by Trigonometrical Proceſs he meaſured a Degree; 
but as ſome Miſtakes had been made in the Calcula, 
tions, the indefatigable Mr. Muſchenbroeck attempted 
the Thing anew, and formed Triangles upon the fun- 
damental Baſe ao of Snallius in the Year 1700, and found 
7 33 Taiſes to a Degre. 

ow this was but 27 Toiſes leſs than had been 

Ed a the Royal Academy of Paris; and chis was 
but little Aiferent from the Meaſure of a Degree ſome 


Time before by our Countryman Norosd, which re- 


ſulted from his r 1 between Len- 
um and York, which he did in the Year 1653 ; and a- 
77s By to him the Length of a Degree is 6g of Eng- 


= Mr. Greaves compared the Elis Foot taken from 
the Iron- Standard in Guild- Hall, London, with the 
Standards of divers Nations. The Proportion betworh 
ſome of them is as follows : 


U 3 The 


iſtance between a; Tower at 
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| Terteſtrial'Gl6be.on: Pl Plane ;1and "this is 
call'd the Projet7ion of the Spdert in Pluno: 


I” Thus, 

The Engl Fot. 1.00 

T h!be preſent Roman Foot, 0,96 
be Grecian Fot. 1 

0247471 The Paris Foot, 34 1 165; Sul | 

The Leyden or Rhinland Foot, 11043 

+ 47 The Bologna Foot, MINE e eee 


7. If the French Meaſure of a Degree, vix. 57060 
Toiſes, be corrected by making proper Allowances for 


* the- Proceſſion of - the N the Aberration of Light 


in the Stars he made uſe of; and the Refrucrion ef Li 
through the Air (all which were 7 8 by Picard) 
the true Meaſure of a Degree at Paris will be 56925, 


Toiſes. age th 45s 

8. Now fince the famous Caſſini and Sir Iſaar Ner- 
ton had both of them ſhewn the Earth could not natu- 
rally have a ſpherical Form, but muſt be a Spheroid; and 
ſince theſe great Men differed in their Accounts of what 
Sort the Spheroid was, Sir Iſaar ſhewing it to be an O. 
late Spheroitl,and Cuſſini ſtrongly contending for the 
Oblong Spheroid; the King of France was nobly inclined 
to have this important Afﬀair-de-ided; and according]y 
ordered the. Length of a Degree to be meaſured at the 
Equator, and at the Polar Circle ; that by comparing 
them with the Length of a Degree near Paris, it might 
be known whether the Earth were oblong or flat to- 
r 97 5 LOICD 
10. And ſince a Determination of the Figure of the 
Eartk, and its Dimenſions by actual Menſuration, is 2 
Problem of the higheſt Concern in Navigation, Afir- 
nomy, Gn e, Flyaraulics, &c. I think it 
quite neceſſary the Reader ſhould have an Idea of the 
Manner in which this was effected by the French Ma- 
thematicians, and which therefore I ſhall give from the 
Book entitled, The Figure of the Earth determined, &c. 


by Maupertuis. 
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Thus, one Half of the Globe is projected 
on one V and the other 
HFalf 


11. The arduous l n Lapland by 
Meſfieurs. Clairaut, Camus, Le Monnier, ' Manpertuis, 
the Abe Outhier, and M. Ce of Upſal. They fat 
out for Stockbolm, and for-the Bottom. of 
the Gulph of Bothnias- eing arrived at Tornea, they 
began their Work; for ff ng rr they ſat out, 7 Juy 6, 
to reconnoitre the Country, of which I have 
| their Map, by —_— the Affair i is made eaſy to LXVII. 
underſtand.” --- | 
12. After twelys Hang Voyage up the. Rive 125 
came to the Hamlet Xorpykila, and from thence 
i 158 


Niwa, whoſe & (a bare Rn Air 
fit Station. — the Niver they met with an- 
Th on the. Foy of of 


other high da a 
s to 28 La — 4 2 


which they built a Sigy 

River Tenglio, and cro 

tain Horrilakero, hb whey built another Signal. 
From hence. t their 


I 

Way croſſed the ae to N aca, 2 ſteep 
2527 S er 

to the 7 8 4 
13. After this they 3 
to another, and built Signals on-the Summits o 
Mountains, vis. Kakam Pu Angi, Mimi, and Kit | 
near the Village Pello.” Then taking the &ng les hich Fig. 2. 
the viſual Rays made, Na the ſeveral $i 1 
a Quadrant of two Feet 95 furniſhed M 
crometer, they conftitilted a Hot rage CAP 
QNK, extending from the Church of 
Tornea at T, to Kittis at Q. 
14. And becauſe. che Truth of their Reg thay the 
better appear, I ſhall” here ſet before the Reader the 


Sum of all the Angles, of which the ſeveral Angles of 
the er did con h vix. 


„ — . The 
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Huf on the other; and if che Plane be 
as of the Ecliptic or „ 


* 15 * nc 1 e 
1. The An CK 21 24 2g, 
ge > CET =: N 
2. The Angle T KC H 
7 10 888 | 50 * 
Angle AHS n 271 
2 Tho er Har 35 6,5 "y 
2 * 8 WARS 31 19 5535 = 
4 The Angle APQ= PN = J 
CAM N' . 32 A0, 
5. The Atigle | | 7 uh | K 85 
44 | » 5 12 15 
6. The an OK Res 93 70 
HNK = 7 | 5 5 1 
7. mesure 1888 22 358 2 
4 
CET = Be N * — 
. | the 
ve em cr ah, 000 "41%, ro 
15. But Tide We Ani of an 7 Polygon are — 
to twice the Number of Right * that the Ay br N 
has Sides, abating 4, ore the Sunn of we Angle 5 
of der ieren gon is 1 © 6% Gs = Hence ing 
If thei tagon had been taken on a Plane, i it would 7 
. exceeded the ES wy nh. ut by 1 but ſince the Fj 
ure lay on a convex Surface, FR Be ht to be a 
54 more than 900. And thence it 1 to what W 
a ſurpriſing Degree of Exactneſs they attaĩned in this 
Undertaking. 


1H. Now in order to cal the Ae Link 
QM, which lay through the Middle of the Heptagon, 
er rather the Line q m, which was the cotrect Diſtance 
between the two Parallels where they made their Afre- 
nomical Obſervations with a Sedtor, (whoſe Accuracy is 
ineredidle, and of a Structure not here to be * 


* 
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de Caſe of the Celeſtial Globes theſe Pri. 


jeftions are then cult'd the Celia] Home. 


Spheres. 


I ky, 3 meaſare this Line q m, it wis neceſ- 
(ary to begin with ſome Paſe- Line to he ſinſt of all-mea- 
ſured, and then to compute a fundamental Triangle. r 
two, for the Grounds ef their future Work. 
7. Thus t tne, pitched on the; Diftance; —— 
Maly and the Village Pyiſi, for the. Baſe - Lint B 
becauſe it lay along the River, and could he moſt ac. 
curately meaſured on the Ice. It was — 2mitd 


over 
Taiks. Feet. . 
The firſt — gave — 7406 5 O 
The ſecond + — — 7406 Ss: 4 


The mean Length therefore is 7406 5 2 
18. Having this Baſe-Line known, they calculated 
the two Triangles A Bb/and ABC, from which they 
found the Diſtance between Auaſara and Guitaperi to be 
$659,94 = A C ; from. whenee they proceeded to find 
the Sides and Anples of all the other Triangles round 
the Figure, as AH C, AH, PQN, CT K, E.. 
nd from thence having ſound the Sides A P, PQ, 
NK, KT, TC, they formed the 4 tangled TI. 
e AE P, AFC, FDC by drawi 
, GC, P . ah aer to ** Pale 
11 7 parallel to the Meridlan 


lde QM; an — ſume they did oa che other Side the 


Figure, as is there repreſented, 
19. Having thas meaſured the ſeveral Lines, they 
vere found as follows. 


PD= 9350,45 90. thr other Side. 
AE= 6768.80 Nd 13297,88 

AF — K L 24993, 83 

CG = 22810,62 Kg= = 1665108 


Total, $1940.39 — — . 5494476 
334940, 39 


Therefore at a Mean the MeridianLineisQM=54942.57 
4 
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Spheres. But; with regard to the Terreſlis 
Globe, * are generally made on the 
Plane 


By very accurate Methods deduced the 

— of the Line qm 550g Toiſes, aud the 
ſtill more correct Diſtance q u = 55023, . But thi 
Diſtance or Arch q u, by the niceſt Aſtronomical Ob. 
ſervations and Corrections, was found to be equal to 
57 28,67 of a Degree. Therefore as 57 48607 i 
to 5502.3,47 Loiſes, fo is 60% or 1 Degree, to 574313 
Toiſes in one Degree at the Archie Circle. 

21. If therefore from the of a De 
vx. 
at the Arctic Circle, — — — ; 
you ſubduct the Length of a Degree eee 
at Haris, by Picard, — — . 5692597 


the Difference will be — 51252 Toi 
or 3282, 878 Feet.of Engliſh Meaſure. | 

22. Hence, having the Length of a D the Ra. 
dius of Curvature is found for any Part of the Elliptic 
Nr 1 let R denote that Radius, then it it 
3,2416: 1 2. 360: 2R ::"180 : R; thereforeR= 


7— —— 2 gu _—— 514399 Toiſes, for the Cur 
3.1416 23351416. 

vature of the Earth's Surface in the Latitude of 66% 20 

es wand, and in France the Radius of the Earth's Cur 


vature is 2 15 Toiſes; or in Engiþ 


Mr thoſe Radii are 1 we ae and R = 3958, 
We are now prepar aſſign the Proportion of 
hs Axis of. the Earth to the Diameter of the Equator 
from this actual Menſuration ; in order to which we 
mutt firſt of all premiſe ſome Theorems, which reſult 
Plate from the Properties of the Ellipſe. Therefore let EP: 
LXVI. denote the Elliptic Surface of the Earth, Ee the Dia- 
Fig. 6. meter of the Equator, and CP the Semi-axis ol. ide 
| Earth. Let Al be the Radius of Curvature to 1 
Point I of the __ IF a Tangent z and draw H = 


ww E595 TT n © 


and ID — and OE. Take the Arch 


1. Degree, and 1 Draw A # and the Perpendicular i dz | 


there A is the Centre of a 


in the Points I, i. The Angle: IBE 
Now put * E, a= GR; 
Hä, y=DL; and let h 4, 53 denate the 
qi nd | Secans che Angle If 


Latitude of the 
;z=CD = 


Radius, Tangen 
and laſtly, let A 


lace I. 


ircle 


Ye Uſe of ch Od rbr 


plane of the General: Meriaion:on Hanjzon 
ind then —_ are commonly — 


ung 


rt 
is the 
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24. Therefore 1: 04 Favre 1. Theor. 1. 


Let —— 


Hence —— 
Again — 
Allo — 
And — 


\ 


And —— 


Then per Conics 


That is, 

Alſo becauſe ' 
That is, 

We have 
Therefore (9) 


Hence — 


And alſo 


vince (14) 
Wherefore 


Whence alſo 


| 


—.— 


1 97 


11 


v3 


Therefore alſo | 


10 
8 Wo DÞ:: 


25:8, 


1 


A 


xx - KK:: 
12 CD: CE: 


X:2Z:: $30 £59, | 
2/22 =x* +ty x, Or z*—x* 
1:4 e: 


17 : 


=atx, OT x ==, 


CAS 


CE-: 1 


ZZ: :: 


x 


ax=Z=DB. Theor. X. 


45 a TU = +a x. 
S XITatt, „a Hi + att. Th, XI. 


=ty * 


Theor, II. 


—_— 


San g= p, the Parameter. Theor. III 


2 I > {If = 55. Theor. IV. 
I:tzyDF =ty., Theor, V. 


RIES 1B=2. n . VI. 


» 


-Theor. IX. 


124. Theor, VIII. 
CE: CF, fer Comics, 


Ion r= Hate, Theor, XII. 


Becauſe 


gr m. vr Obe 


| of te Voride And The ReverkPOirttes/ wht 

| _ vn of che Berfude- ohe Hein iſphete un 

| o 
Becauſe 428 pC. DBI: ut £ ee of t 
Theref. Cehꝰ. ACD UB: 1. Ner-: e 
Whencde 


D 412 * 552 21: 3 361 Ed — 17937 rith 
| Alſo we hive or Ti i 
| Wh. 2 G1: 85 575 4 et 


| Again — 

Conv. and: Iv; ATSBD kw X Dr BPH) 5757 ; . 
In Species Teer, ebf, ei 
4 =_ - 
That is, 71 14271: 46 8 — 2 * 
bee ir Wer ene: _ | 

n v chr tha © = Fate © Ef Theor, xv. 

Md | 


and 22 2 = x. het 


(| 


| Þ 1 FA 7 
Whency alſo. 4 — RF cock 

64-7 © \v40 p — 
W 3 4 
345 PEP Hat Theor, XVI. 
% e 


Therefore 37 
| ER 
Wfence ad 2 


1 18 Ba; TR 


2 
8 At 88 =r\e7Þri atts5. FRESH 


ns FF „ 


Dy ů— Tb. XVIII. 


tr ttss fo 


25. From thiſs Theorems we tis calculate what- 
a relates to the Figure and Magnitude ofthe Earth; 
and firſt to determine the Value of a, or-the Ratio of 1. 
'z* to , that is, of CE to CP. In order to this, we we 


Le 
me 
7 ch = x +; 5 * 
or any other: 7 fs 7 Xx att TE 1 
Lat. we have 33K 2 — 4 arr us = 7 
bg 
1 


Whence it & 


Therefore laſtly 


have 7, 3, t, for the Latitude of 60% 20 at Lapland 
and r, 8 t, dor the Latitude of 79 22 "being rhe All 


> 3 = 


S's.” & Vi. 


The L of the Guo; 
o delinteated on the faith Nane, ad "they 


would appear thereon. to an Bye placed in 
the 


of the Degree meafured!in. France, (See Art, 48.) Fot 
mung r S 300%, ander 9958, 4 whence hy Loga- 


ithms we have 712 95 and r 1 175,9 af 


111 el and. Htg. Therefore 4 
. Whenge we get's: 4 313,2; 309473 


81,1 
12 GE. | Phexeſar: by Mencuration it appears, that 
CE exceeds CP in a greater Proportion tharr that af 


230 to 229, as Was obſerved. rm of Annes. 
XXXIV. 


— A 1 
2b. Put q 
=—= 
nen and a „uber 
142 wD; therefore d: Dug :w 
27. The Theorem CEE EL s (by 
g 180 


Logarithms) equal to 3971, 1 Miles; | and ſo che Dia- 
meter of the Equator is equal to 794212 Miles. Whencs 


baue == S4, V q=CP = 3926, Miles; 


and ſo the Axis of the Earth is equal to 7852,4 Miles ; 
ſo that the Equatorial Diameter exceeds the Axis by 
89,8 or go Miles, which .is near three times as much 
u the Theory gave it. See Aunot: XXXIV. 36. 

28. In any given bd" 2 Cucvatuse is 


found by Theorem XIV, uin. N= _— and. be- 
1 


emſe under the Pole P che Angle EB E is a Right one, 
land t will in that Cal become infinite and equal; 


and therefore y = 0 16,6. Miles, which is the 


greateſt 


; ; the. 4 2: 2 2 D* 


30 


— — —ñä oy — — a eros — 
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the Pole, or Middle Point of the other He. 


un Hence it will come to paſs that 


greateſt of all. And under the Equator that Adigle n. 


and there 5 '= 1, and t o; and Gr 422 

388 1,8 Miles the leaſt of all. | 

| 8 Radius of — being known, we find 
ngth of a Degree in any On by this Anz. 


logy; As 180 3.1416 wes 2 005 2e e Length a 
the . required. Thus cet 0 Equatot we have 
2 x 3681,8 = 674 Miles, -for the leaſt Dep; 


and An ler the pole we have de 4016, 62 = 706 


Miles, for the greateſt D — gr * mean 
Degree therefore is 68,92 1 iles, Thus alſo a Degree 


in the Latitude 40 22 „A 3858.4 gen 


Miles; and in the Latitude 66* 20 it is . 


3994-175 = 69, Miles. 
29. If the math df a Degree be known, the Ru- 


dius of Convexity may be W and . the 
; 
Latitude of the Place by Theor. XVII. tt 2 =; ; 
PT 
for if the Tangent of an Angle be known, the Angle 
itſelf, that is, the Latitude, is known alſo. 6 
31. Hence alſo the Radius of any Parallel of Lati- 

tude may be diſcovered ; for, by Theorem XII. HI=CD 


Z 
; and 180: 3, 1416 :: 4: 4 

V 1+att ud x00 : 21400 

of Longitude in the given Parallel. In the Equator 

* zz; hence 2.88 * 3971, 1 = 69,309 Miles, the 

Length of a Degree in the Equator. | 


— ws 


32. Hence 


9 


uy 


nd 
u. 


The Uſo of the Gibsts. 
be Stars and Conſtellations of the Hemi- 
ſpheres, and the Parts of Land and Wa 


bd 


In 


32. Hence the Circumference of the Earth under the 


-< 


Equator is 360 & 69,309 = 24951 Miles. I might now 


proceed to calculate the Surface and Solidity of the Earth 


1 a Spheroid ; but the Proceſs would be tedious, and 


anſwer no great Purpoſe, enough Hang bat ſaid for 
any Perſon to form a proper Idea of the Magnitude and 


| Figure of the Earth. I conclude with obſerving, that 


there is about 24 Miles between the greateſt and leaſt 

2 of Latitude within the Compaſs-of our common 
Charts: Quære then, Tf aur Theory of Navigation, founded 
upon an Hypotheſis of their being all equal, be not very er- 
rmeous ; and if it be not neceſſary to have ons correfted ac- 
arding to the foregoing Meaſures ? See my New Treatiſe 
of GEOGRAPHY and NAviGaT10N lately publiſhed, 
containing new. Tables of Meridional Parts and Sea 
Charts, adapted to the Spheroid of the Earth, and fitted 
ſor Practice; being calculated toevery Minuteofa Degree. 


33-4 TABLE f Arcs of the Meridian to the Spheraid, 
e 


in Minutes of the Equator. By the Rev. Mr. Murdech. 
Der. Spbere. | Diff. | | ] Sphere. | Diff. | 


B. Sfera 

10 587.0 600. 0 13. 

2 11 645.8] 660.0] 14. 

r 

4 234-7) 240.0 53 [13]. 763-3] 780. o 16.7 
6.6 10 $22.1 840.0[ 17.9] 
E 


i] 58.7] 60.0| 1. 


2] 117.3] 120.0 
| 


3 176.0 180.0 


- 118 1057.4! 1080. ol 22.6 


E 
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2 
2121. o 


—j4 — 1 


2180.4 2220.0 
3: — 
138! 22 39.8] 2280.0 2 


* * 


2 & = 


The- Us of, - Orea. 


: 
Magnitudes and: Forms, 48: on the Globes | 
themſelves : Yet moſt of the Problems of 
ether Globe are performable on theſe arti- 


feial Projections, by thoſe who underſtand 


their Nature and Uſe, - 8 
vill be beſt underſtood from a View 


59 3495-2] 3540- 
beo 3555-3] 
(39167 


23675. 7 
3736.03 


| 3796.2 | 
5| 3856.5} 
3916.8 | 


3977· 


| 
f 


527.5 5160.0 32.5 F 
5 188.2 522 31.8 


[ 


5248.85 280. 0 31.24 


8 


8 e 4320.0] 40.7] | 
He A” at e 
bes 5 e gy | 
Ates 4440.0039.7) _ 


Vor. III. 


Plate 


Fig. 1. 


Fig. 7. 


30 
thoſt Prints, 22 r 
df their Ole e ge = 


LXVI. 


_ reed upon the Arch Z A. But in onger to be ac 


The E ef the Cowie: 


(cut) * The 8 eg of ns of 8 285 
M e 4 perforinied a Tg. 
mie! Catru/utidn, bs is evident from the Quginal B. 


agram we before Solan © of 
bee Bye Problems. 5 BE if gs be any wa 


on the Surface of n 


ZN the G. Loe of the Place Z. 
AN the Co-Latitude of the Place A. 
Z A the Diane of the Rar A and bn on 


ZNA the Difference of Longitade 
a = Angle 0 Pom or Bearing u 
rom 1 1 
AN the Angle of Pefttion, or Bearing of.7 
from A. 

2. After the ſame Manner may Problems of Nan. 
GATION be ſolved ; and inlecd the on) . 
tural Way of SAHLING. is wpon che. Arch of a Gre 
Cincle, which. gives the neareſt Diſtance two 
Places on. the Jarface of the Globe; and therefore the 
nearer a Ship keeps-to the Arch of à Great Circk, thei 
ſharter will ber Way or Paſ — 3 ht 
another. Thus in the Tame THangle Z NA, I it be 
prapoſed to fail from Z to A, the Sip ought to be di- 


quainted with this Method of Sailing, the. Doctrine of 
the Sphere muſt be. well un therefore I ſhall 
refer the Reader who deſires it, wo, Vol, II. —_ Leung 
Trigonometer's Guide. 
However, 1 thalt here fubjoin the Phily 
Pr Neige of all Kinds of raphical and one 
Mars and CHARTS : And firſt I Hall ſhew the Nature 
of whit is calbd the.OxTHoGkAarnic PROJECTION of 
2 SPHERE. 5 Let AB DE be the Primitive 8 
lane of the Projection, which we may fuppoſe to be 3 
Meridian ; and let AED be a Great (yon 


Jef. tir 


6 


— 
— AK — —— 4 
4 


1 AFD, by 2 28175 — u ever Polfie - 


is * packs the Nature of do- 
wy, * 5H "= = v 


4. In brder te this 1. E end 10 be 600 Ferpen- 
N Ito CE, and H pat peg 


CF, and G to CI; and e 
cular f bz then is the Righetangled T HE 
equal and ſimilar to g C, and gh Q jo Har. to REQ: 
Wherefote p * e 6, CLE >, G17 


Ck = 4 ant ite Property of the 
Circle we have AI N nf {em = 


10:50 „85 FC, chat is, J : þ; there. 
| ine y= 22 = EAT hich ber, ths Ce 
AFD to be an Bligh, wholy Ben. a fre AG and. 


bY Hence the Circle of of a a Sphere 72 at an infi 
tite Diſtance are prqjected Thus tt 


lire of Alumi nation on the os £50, of 45 Moon i is a | 
Lide, as obſerved Aynat. CXXXV. 23, Thus alla | 
a Sphere ſet in the Spn-Beams will have > Circles 5 { 
projected into elliptic Shad And hence it is We. 
tonſtruct the Ox TMOGRAPHIC "SJSCTION, ray the 
ANALEMMA.; which ſee in my fore - cited 


6. Now becaufe © K 
ECT, it appears that the Semidiameter C k of. every 


Circle ; is projected into the Co-ſine F C of its Elevation | 


hore the Plane of P * Hence alſo it appears, 
tut in this Projedtion th me * egrees in 
ur Circle, as BCE, wil will 5 Bog 19 
liferent Portions of the Diameter 97 0 ane BB, 
Thus 16 Degrees from the Pole of the Hr W 

le projected into the Arch CK, but to Degrees iro 
the Periphery will be projected into EM. But C 

tb EM as the Right Sine of 10 Degrees to the Yay 

Vine of the ſame ; that is, as 1730 to pris or nearly 


$12 to 1, Hence the-Reaſog..uhy- de adde Fees 
un appear to move 2 2 over the Middle * 


, thats, 2 
= xx, indy = IF3 ' Gt}; wt Or: HT g 


* Radius.: RF. of © 


4 


1 


4 
1 
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af the/Diſk. than on the Outſide, and why theilt Mot, BY a0 
is always unequal; with — of the l B) 
Nee ee e eee th 
7. The - STEREOGRAPHIC |. PROJECTION ofs the Sit 
SPHERE is that on which our Maps are , thi 
made, and depends on this Principle, That if the Plan 0 
of any Meridian be ſuppoſed the Plane of the Projedtion, Wl U! 
then an Eye placed in one Pole of that Meridian il pro- all; 
ject all the Circles in the oppoſite Hemiſphere into ct. /- 
cular Arches on the ſaid Plane. Thus let AGDE be any Af 
Meridian; then the Diameter A D, dividing it inte the 
upper and nearer-Hemiſphere, is called the Line ful 
Meaſures; and an Eye placed at the Pole E will proj for 
every Point B, F, G, in the oppoſite Semicircle inte the 10 
Points E, I, OC, into the Line of Meaſures AD, by d 
Viſual Rays EB, EF, EG. WET : 2 1, [el 
8. Henee if the Arch AB=FG= 10 ta 
then will their Repreſentatives in the Line of Meaſure deit 
be AHandIC; and the Points H and I arethok in 
through which the Circles of 10 Degrees and of th un 
Degrees do paſs in Projection, viz. the Cirdes BRE d 
and G E, as is evident from conſidering the Figure, the 
Hence the Reaſon why the Meridians do all lie near e 
to each other in the middle Parts of the Map than on WW * 
the Outſides; and conſequently, why the ſeveral Part Hi 
of the Earth cannot be duly repreſented: on ſuch Maps, WW di 
either in reſpect of Magnitude or Poſition.  *' | 
9. On E as a Centre deſcribe the Arch CM, ud 
draw the Line EK; the Arch G K will be projefied e in 
into the Line CL, which is the Tangent of the Angh J 
CEL. But the Angle CEL is equal to” Half the i Þ 
Angle G CK, or Arch G K; therefore any Arch GK I 
js projected into a Line C L equal to Tangent WY e 
of Half that Arch. Hence the Line CD is an 
825 of Half-Tangents in reſpect of the Q * 
a (5.4 IL 
10. On this Projection are uſually made all the Mays lt 
of the World in two Hemiſpheres ; there is alſo another 
call'd the Gogur AR PRoJecT1ON, wherein all theMe- a 
ridians are equally diſtant, as they are on the Globe di 
itſelf, They are circular Arches here, as in the la Pro- 4 


jection, and are drawn after the ſame Manner, but — 
; E 
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not projected by the Eye on the Surface as they are. 
By this Sort of Maps the ſeveral Parts of the * 
their proper Proportion of Magnitude, Diſtance and 
Situation aſſigned nearly as on the Globe itſelf. | As 
this Sort of is for that Reaſon very uſeful, and 
not common, I have given one here for the Reader's 


Uſe, corrected from the lateſt Obſervations. I have 
alſo juſt publithed a New PLAnisPHERE on the Globu- 


lar Projection, with the Solution of Geographical and 
omical Problems thereby. — . 


11. Beſides the foregoing, er another very uſe- 


ful Projection, _ y made. Uſe of for Charts, and 
ſometimes for Maps ; it goes by the Name of Max cA- 
rok's PROJECTION, but was firſt, invented by Mr. 
Iright long before. In this the Meridians and Paral- 
les are ſtraight Lines, and the former equidiſtant from 


each other. Hence in this Way the Degrees of Lon- 


titude in every Parallel are the fame, and equal to thoſe 
in the Equator; alſo the Degrees of Latitude are all 
unequal ; both which are contrary to what they are on 
the Globe. Therefore Maps of this Sort do not exhibit 
the true Dimenſions or Proportions of the ſeveral Parts 


of the Earth; however, they are very uſeful. on divers 


Accounts; and that which I have given from Dr. 
Halley to illuſtrate the Account of the Winds is of 
ths Kine. Nigga | Hts, 
12. But the greateſt Uſe of this Projection is in SAI» 
mo; I ſhall here therefore ſhew how it is conſtructed 
in the following Manner. Let A B be an Arch of the 
* contained between any two Meridians A P, 
BP, meeting in the Pole P of the Sphere whoſe Centre 
b C. Upon the Points A and B let there be erected 
the Perpendiculars A H and BI, and let D E repreſent 
an Arch of any Parallel between the ſame Meridians; 
dau CA and CB, K D and K E perpendicular to PC; 
trough D and E draw CF, CG, and join F G; laſtly, 
kt f. the Perpendicular DIL. | 1 
13. Now the Arch AB in the Equator is to the ſimĩ- 
lar Arch of the Parallel DE as AC to DK, or as Ra- 
dius to the Co- ſine of the Latitude AD. Suppoſe now 
me Meridians AP, B P, to be in part projected into 
the Perpendiculars A H and BI; then will the Arch 
X 3 DE 


* 


Plate T7 
LXXII. 


| 
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PE be projected into F G=&Bj but in this Cid 


fini 
DB, . 11 % FG in 7 
| trattd Length, as the Radius © D ts tho Su CÞ op Will © 
the Latitude, or as the Co-fim r H 
for CF: (CDS AC DC : LC. | 
—— But in whatever P the x of wy Fu 
Parallel are increaſed or diminiſhed by ky 
Plans, in the ſame Ratio ought the Dn ns the 
alſo be increaſed or diminiſhed ; otherwiſe the — ſan 
Bearing and Diſtances of Places would be loſt, ws in d 
Caſe of the Plain Chart, where the Degrees of Latitul Bl I. 
oy all eq 4 N therefore, 7 Latitude in bel 
ercator's increaſe in n the Secant 43 
the Latitude to the 2 05 1 
15, But that the Reader may ſen bow ſuch a Meri Ar 
dian is projected, let RC H be a Quadrant of the Prim ſe 
tive Circle, and R Qa Diameter; draw'Q $; then wil 4 
the Arch 8 H be proſected into H I, and R $ into Al 
but AT is the Tangent I SITY 9.0 2 rt 
and CI be perpendicular to A H, and draw the Tan ot 
gents 8 V, CK, to the Points 8 and C meeting AH 
produced in V and K. And let HI =, e - 
='1 
16. Then becauſe AT: AH :: AH: AV, it k to 
ATXAV=ARH> : for the fame Reaſon it is AI N x 
AK AK ATXAY. Wherefore AV : AK 2 
2 AI: AT (8B) Q: Qs. Let Qs be d pr 
infinitely near to Q $, then 85D, and IF = #1 u A 
| becauſe the Angle AIQ=TIS=ISV =Q:s5, 
therefore the Triangles Q1 and QS are (in theft mt L 
5 pr ſimilar, — therefore QI : Q8: 2112871 
:AV: AK; conſequently, itis A VSI 
A K X's. 
7. But AK X & is the Fluxionary Rectangle d 9 
what is called a Figure o r which may be tu 
explained. Let RC Quadrant as HC . 
an Arch, of which let the 0 be equal to I N ngbth r 7 
applied as an Ordinate to the Abſciſs HI x; and 1M + 
this be conceived to be done for every Point in the Qu- n 
grant, we ſhall have a Curve B NP deſcribed on th 
Point N, which appears to be a rectangular Hypertk | 
by compleating the Square AB, Now drawing'##* b 


finite 
- 


The fe of the Grpars: 


_ , * 


— 
1 


and is therefore called a Figure nn 
* Now the Fluxion of the + ps fun is to the 
Fluxion of the 17 IHBD as INX #to I DX 
z, that is, a8 IN to I D= AR, wiz. as. the Secant to 
made WY tbe Radius. Therefore the Arcas themſelves are in the 
tru ſame 5 2 the Area 12 * * > 8; R 23 
Z : 2, ſuppohng Z reproſents the Arch 2, protracted, 

we In the ſame Manner Kian that the Fluent. or Area 
57 belonging to the Fluxion AV * 4 is to R Xx as Zr; 
” z; but this latter Fluent of AV Xx S is equal to the 
| Area I H B N, becauſe their Fluxions are equal (by 
eri- 4.16.) Therefore IHN; RNA AN E zz con- 
ſequently, THBN.X,z2= RNAX E whence IH 
vill BN=Z when Rar. bs 
Al 19. But the hyperbolſcal Area IN BH is the Loga- 


$ rithn or Meaſute of the Ratio of A H to A 1. hat is. 
an- of — 2 2 ſuppoſing t Tangent of + the Com- 


and plement of à. But any Hyperbolical Logarithm is to the 
Tabylar Logarithm of the ſame Ratio, as 2, 302585, 


7. Ce. to 1 ; therefore the Tabular Logarithm of = * 
* 2,302 58 5 = I NBH=Z gives the Length of the 


n protracted Meridional Arch, anſwering to the Natural 
and Arch z oft H S. W re 

18 20. Therefore, if A and @ denote à greater and a 
nal Leſſer Arch, beginning from the Equator ;- then the 
Tt | e 

12 Length of their Difference A — a will be 2 2 — 
3.30258 | as, ee nr Gy 
„, or 2,302585 X , or 24302585 


T. That is, From the Tabular Logarithm of the 
Tangent of | tl 6 Complement of the Leſſer Arch a, ſubduct 
that of the Tangent of the Greater Arch A; the Difference 
nultiplied by 2, 302585 will give the Meridional Parts of 
the Arch A — 4. 8 * 


be proper to obſerve, that ſince the-Ship's Courſe is or 
KS. ought 


knitely near I ws hall hex eINXiz=INX « 
(= Ts x #) = Eluxion ol the Ares THIN. which 
is compoſed: of all the Secants belonging to the Arch 


21. As I am upon a Subject of this Nature, it will 


313 
| 


— 


* Age with eve 


male. 


Aen. teref the N 
itude will be the Logari of the Tangent 
of the Half-Complements kr. wh the. Lade as 
thus ſhewn. Let X be a Quadrant of the 
P the Pole of the World; P, PA, PB, Ge. — 
veral Meridians projected i in Plans, and K.4 bc;\ Ke. the 
Rhumb-Line making equal Angles A aA, 4 by, Ee, 
with every Meridian. 
| = — ö =AB= 2 2006 
an m en may the Triangles Z P &Þ4, 
E Pe he. be eſteemed Yefilineal, and will be ſimilar; 
and therefore E P: Pa: : Pa: Ph: Pb: Pd 
on. Now if Æ A expound the Ratio of aP to E. the 
becauſe the Ratio of h P to P is double the Ratioof oP 
to P, and AP=2/X A, therefore AB will expound 
the Ratio of 5 P.to K P. Again, N P: AP 


= 3X-aP: KP, and K C = 3. A therefore &C 
ex pounds the Ratio of c P to P; and fo of thereſt, 

23. Therefore the Arches A, B, C, Ur. 
are the Logarithms of a P, ö P, P, Oc. in reſpeRt of 
P K. But A, KB, We, are the Differences of Lon- 
gitude made in failing from A to a, or b, &c. 4 and 
4 P, b P, Cc. are Tangents of half the Complement 
of the Latitude A a B b, Cc. (See Art. 9g.) 


the Differences 1 Longitude i in 1 11 on any Rhumb are tile 
t 


Logarithms of the Tangents 0 of the Hal If-Cq-Latitudes, 
24. Hence the Rhumb-Line ha acquired the Name 
of the Legaritbmic Spiral. Hence alſo it — that am 
Table of Logarithmic Tangents is a Scale of the Difference of 
Longituge on ſome Rhumb or other. Thus the Tabular Lo- 
Fun of Fangents in preſent Uſe are Differences of 
ongitude on that Rhumb which makes an . 
51238“ 975 ; and the Rhumb which makes an * 
719 1/ 42”, is the ſame for Neper's Logarithmie Tan- 
gents. Tney who would ſee the Demonſtration of this, 
as alſo how a Table of Meridional Parts is from 
conſtructed, and likewiſe how all the Problems of 
vigation may be ſolved by the common Table of Loga- 
rithmic Tangents only, may conſult my Loc Ax. 
MOLOGIA, See alſo Philofo . Tranſactions, "WP 
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25, 1 hes * added a Table of Meridional Fw, | 
ealculated for the Oblate Spheroid. by the Rev. Mr. 
Murdoch, in his new and learned Treatiſe of Mercator s 
Sailing applied to the true Figure of the Barth. The 
Errors of the common Spherical Projections are not ſo 
very ſmall in many Caſes, as to be inconſiderable and 
not dangerous. For inſtance, if a Ship fails from South 
Latitude 25® to North Latitude 30%, and the Angle of 
the Courſe be 437 then the Difference of Longitude | 

by the common Table would be 3206',, exceeding! the 
” Difference 3141 by 65” or Miles. Alſo the Diſ- 
tance ſailed * 12, n the true Diſ- 
tance 4423, by 89 or Miles: Which Differences are. 
too great to be neglected. For other Inſtances of ſuch 
a Correction of the Charts, I refer to the Author above- 
mentioned, See alſo my New Treatiſe of Go RAPHY | 
and NAVIGATION lately publiſhed, | 


27. 4 TAE of Meridional Parts to the. | bervid ard 
_u * their Differences, | | 
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APPENDIX I. 


Phyfico- Mathematical Theory 


Ten FR 
LUNAR Motions and Irregulatties 

OF THE, team 
Morion of the Furie Rxis, 

AA 10 


PrECESSION of the ee * 


| 


AND THE: WW 


Gen of the ure of Matter 
DENSsIT Y, WEIGHT of BoDIEs, Ic. 


On the SAVPL. of the 
(UN, EARTH, JUPITER, and SATURN. 


| 3 the Annotation, 


7 F143 A, 11 0 ? 
* 1 4 + wh 4:3 f\ 
LTD © x 8 
455 5 th 1 5 . of in the eng 
pendix could not well be brought ty 


and are the moſt important Part of the Nen. 
tonian Philoſophy, they could not on any A- 
count be omitted, and therefors I have birt 
annexed them, to complete a Syſtem of that 
Science. And I have taken ſuch a Method a 
I hope will be found not only more natural and 
conciſe, but much more adapted to rendr 
thoſe difficult and intricate" Ideas 0 fo be 
apprebended by the intelligent Reader. 1 
A e 4 
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XK1aAnaty9 A 
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20 HE. Moon of. *. (EY * | 
TE is ſimilar to, chat of 

ut the Waters of the Ocean revolving about | 

bs, WY the Earth's „Centre. To ſhew this, ſome e 

nw. WY t10gs. muſt "be premiſed; 3, a8, firſt, 7. Bat 5 

e Attractian 27 the Earth. upon any Par- 

1 tice of Mater it the ſame as. it would be, 

Wl vere the ſame Quantity of. Matter con- 

E 

2 

ter 

be 


— 0 _ * — 
3 cc ER a S n 
WWW 3 


4. 


2 


— — w 


trated into # Paint in its Centre. b. let — * 
AB GO be the Earth, C its Centre, P a Fig. 6. 
Particle at any Diſtance P A from, its Sur- 
face; let PG be drawn through P and C, 
and BO the Diameter of any Circle BD 
0E, or Section of the Sphere DO 
lar to the Axis © | 
2. Now, put PN=a, BPA then 
N — 4 = BN. which is 
is the Area of the Circle B DO Ez the at- 
tacting Force whereof is 2 *, and is pro- 
bortional to the Quantity of Matter 
"WW Number of Partictes which act on the Cor- 
puſcle P in the Periphery of the Area, and 
; | in 


ArrenDix. 


in Directions ſimilar to PB. And fine 
- the Force of Attraction is as the Numbe 
of Particles (2 x #*) multiplied by the 
Force of each Particle, which is as fone 
Power Yu of the Diftance (x),-th 

2 * x = 2+ ++ illbe as the 4 | 
or abſolute Force of theſe Particles, i ut 


is, in the Directions PB. $a.” 5 
3. Bur the Force repreſented by PBI Pon 
reſolvable into two Fortes P N and BN, ot: 
which the former only cauſes the” Corpulcs _ 
at P to approach the Sphere. Thereſon * 
as PB: PN:: &: 42: 125 * ＋ 1: 2 
the Forte with which the Particle at P 6 
attraQed in the Direction PN the Hluen 
| D ” 1 
off of which 24 — (when correfted) 6 ; 
en 
whole Force '& at the Particles i in the! > 4 
of the Section BDO E, to attract the Ca 2 
puſcle P in the Direction PC. 7 4 x 
; 24x "+1 1 
4. I ſay, the Fluent 22*; II x 
corrected, for. it is at preſent too great bec⸗ 
becauſe when the Area of the Section deore 
comes a Point, or x Sa, then chis luer 
2 ont . Fho! 
has the Value —— _ ON which therefore m 
- 


be. deducted from the general Flue 
24 
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g +17 i 44 RM Þ > 


a—_— r 


will be as the Foreez gf any circular Areas 
BDOE attrachng the Corpuſcle P in the 
Direction of its Axis . 

5. Now ] fince-1 in Natural Bodies this 
Power in any ſingle Particle 1s inverſely as 
the Squares of" the Difftance, therefore 1 2 
—2, and ſo the, above Expreſſion: of the 


Fotce will become 1=2N, ny | 


* 


6, Now if wre put ACS PA=cPC 
614. BSA and PN=y; 


tm AGx AN=2rX7—c= AO, and 
PATA O' +2 PAN ANS (SZ 
27 r = P Oe 
r*. Hence 21 ce þ2+c 426% 
2 cx + x* — = mk 
ac rar 7 18 

becauſe 6 = 2 7 + 2 ch. And becauſe the 
force of Attraction in the circular Plane 


P,N 
Floſe Di is BO is 1 —=——=1— 
ole Diameter 1 is 1 FB ** 


*, and y = © + 


* — 


co+bx BN TN 


287 and their Ditrerener K-... 
t. PN PB-T I- PN -- 


al. 
h . 
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the Centre enter the Expreſſion of the Force, 


in the ſame Manner . the Earth and 


AveENDY x. 


ply this by the Fluxion of the Diſtance, Vie, 
5 == we ſhall have 4D 47 X5 +206: 


_ 


"3 JEM: / 15-4 
k 3 ” > 4 
| * = 
2 A 2? 


4 Attrackon of any Segment B 0 A > 
the Globe upon the Particle P. 


* HENCE, 5 — x= 2 de pr 
fion wall become - 3 or r imply gp forthe 


Attraction of the Juke Globe. © Whener i 


appears, that the attractiue Forces of 1 
Bodies are to one another in a Ratio 


of their Quantities of Matter direttiy, and 
the Squares of the Diſtances from their Centr 
inverſe. And therefore ſince the Number 
of Particles only, and their Diſtarice'from 


it is plain the Effect will be the ſame upon 
a Corpuſcle P placed any where without the 
Surface of the Globe, as if the whole Mal 
of Matter were contracted into a Ten! at its 
Centre. :£; E. D. 

8. To apply this: I all the Natter of 
the Earth were contracted into the Centre, 
and the Waters of the Ocean were to con- 
tinue their diurnal Rotation the fame 1 
chey now do, they would then be affeded 


Moon 


APFENDLX 


ame Phænomena. And therefore if a 
Body, inſtead of revolving at the Diſtance 
of the Earth's Surface about its Centre, 
were to revolve at the Diſtance of the 
Moon, every thing would happen 1 in a ſimi- 
lar Manner, and the Effects of the Earth 
and Sun in diſturbing the Motion of the 


duced in the Motion of the Water by the 
Earth and Moon, but only in a leſs De- 
ee, 

mn And TAG Thing to be premiſed is, 
chat the Moon revolves not about the Centre 
„or the Earth as the Centre of its Motion; ; 
ind therefore in order to conſider its Mo- 
don in the beſt Manner, we muſt deter- 
ce, mine the Diſtance to Hhich the Moon muſt 
on be removed from the Centre af the Earth 
the WY at Reſt, (and conſidered as the Centre of 
laß its Motion) that it may revolve about it in 
in the ſame periodieal Time that it takes up 
. now, together with the Earth, in reyolv- 
of ing about the common Centre 7 ad. 
tre, See Annot. XX XVII. | 

on- 10. IN order to this, let D be the Dif 
dance of the Moon from the common Centre 
del of Gravity, and d, that of the Earth from 
and WM then will P +4 be the Diſtance of the 


o0N | E oon 


ar u Bip ie int bb 


Satellite would be like thoſe which are pro- 
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Fig. 7. 
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Moon from the Earth, which, at a Mean 
is 60+ Semidiameters. Now let & =DiC 
tance required ; then becauſe the attraQing 


Forces (F and f) in any two different Dil 
tances are as the Squares of thoſe Diſtances 
inverſely, we have F: f:: : 57 + 
Again, becauſe the Periodical Tits . given, 
or the ſame in both Caſes, we have the 
Forces proportional to the Diſtances from 
the Centres of Motion; (See Arnot, XXIV. 
therefore F: f:: D: x. r D: 


5 1 BT, therefore x''= +d) x D; 


We de by D 4, we pd x x 


D+d=D+4 x D; whence D +9: D:: 


DTA: n; ; therefore '/D +@: DD 


+d:x, But D d:D:: the Quantity 
of Matter in the Earth and Moon toge- 
ther: the Quantity of Matter in the Ear 
alone; that is, as 40,31 to 39,31. Whence 
\/ 49431 : \/ 39,31 : 60, 5: 60 . tle 
Diftance at which the Moon would revoRt 


about the Earth at Reſt in the fame Time i i 


Now does. 

11. THESE Things premiſed, let 8 be the 
Sun, T the Earth, and P a Satellite revoly- 
ing about it, and let S K be the Mean Di- 
tance of the Satellite or Moon from the 


Sun; and expound che accelerative 1 
J 


. 


SE Por: Dx 


S522. 00 


X 
11 

D 
it 
ge- 
rth 
nee 


tle 
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by which it is attracted towards the Sun S. 
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And take SL: S K. SK 8 P., and S7: 


81::8˙2: 8; then ſhall SL, or 84 ex- 
und the accelerative Attraction in any 
Diſtance of the Satellite 8 P or Sp. That 
is, the Force at P is to the Force at p as 
6L is to 87; for SK = $4, and 8 K — 
SLX SP. SSIX Sp*; therefore SL:S/7:: 
8:8 P. | 3S: 

12. JoiN PT and p T, and draw paral- 
el thereto the Lines LM and In, meeting 
ST in M and m. And the Attraction 8 L, 
8 is reſolvable into two others SM and 
LM, and 8 and In. Hence the Body 


P is urged with a Threefold Force; viz. 


(i.) That by which it is attracted or tends 


Plate 
LXVIII. 
Fig. 8. 


towards T, ariſing from the mutual At- 


traction of the Bodies T and P. | (2.) The 


Force LM, or Im, by which it is likewiſe 
urged towards T. (3.) The Force 8 M, 
9m, by which it is urged towards 8, or 
attracted in Directions always parallel to 
bY. : 
13. By the firſt of theſe Forces the Sa- 
tellite ought to deſcribe an Ellipſis about T 
in one of its Foci, and therefore Areas pro- 
portional to the Time, as is evident from 


what was demonſtrated in Annotat. XL. 


This is upon Suppoſition the Body T was 
1 „ fixed; 


A Pk N D K 


fixed bat the Caſe is the fame, ſuppoſing 
it Miobeuble with the Body P FED a com- 
mon Centre (whieh is ay the Cuſt of 
the Earth arid Moon ' as Sir Iſauc Newton 
has: ſhewfi in esu. K. ng Rt wt $4 x, of 
the Princis. 

14. Tur ſetond Force 6M, as it con- 
ſpires to impel che Body in the Direction 
P T, is to he added to the former, and 
cauſes; that the Body ſhall ill deſcribe 
Areas \proportiinal to' the Time. But becuuſe 
this Force is not in the .inyerſe | Ratio of 
the Square of the Diſtance, it will, com- 
pounted with the former, cauſe: the Curve 
which, the Satellite deſcribes to deviate from 
an Elliptic Form, and the more fo, ceferi 
paribus, the greater the Proportion is which 
this Force . bears. to the former. Theſe 
Forces LM, Im, have been ſhewn- (Amt. 


therefore jncrvaſs and decreaſe with tbe 
Diſtance PT or p T. 

15. LASTLY; the third Force SM im- 
pelling the Body P in Directions parallel to 
T 8, will compound a Force with the for- 
mer two, that is not directed from P to T, 
and fo will cauſe that the Body P fhall no 


longer deſeribe Areas proportional to the Times 
(as 


ws = MH SS 420 DMS 4t#f 
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as we have. thewn),, It ill alſo augment. | 
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the Aberration / of the Orbit, from an El- 


liptic Form, on A double Account, VIZ. both, 
becauſe it is not directed from P to T, and 


alſo becauſe it is not inxerſely as the Square 


of the pn 5 T. For the Forces 8 M 
22 3 3 

Im: Sr FI 22 P. 1 8 P.. Theſe 

Errors Here are leaſt 8 all 3 the 


ſecond and third Forces lelpecially the 


third) are fo, the firſt, Force, remaining the 
lame, 

16. LET S N expound the Force by 
which the Body T is accelerated towards 
8; then if the Forces S M and SN. are 
equal, they, by attracting the Bodies 5 and 
P equally, and in parallel Lines, will cauſe 
no Alteration in their Site or Poſitions in 
reſpect of each other. But when the Force 
$M is greater, or S 7 leſſer than the Force 
SN, the Difference NM, or N, will be 
that alone by which the Proportionality of 
the Times and Areas, and alſo th 'Flliptic 


Form of the Orbit, will be diſturbed. Hence | 


when NM or N 1s nothing, or leaſt of 
all, the aforeſaid Perturbations will vaniſh, 
that is, when the Body P is nearly in the 
Points C and D of its Orbit. 


17. WE have hitherto ſuppaſed the Body Plate 


Y 4 | _ 


P revolving about T in the ſame Plane apr 
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with 8; let us now ſuppoſe it to revolve ; in 
a Aifferetit Plane, and let the Semi-Orbi 
CAD be above, and C DB below the 
Plane, in which are the Bodies 8 and 1. 
In this caſe the Force LM will have the 


fame Effect as before, viz. will only tend 


or impel the Body P from P to T. But the 
other Force NM, by acting in a DireQion 
parallel to 8 T, and therefore (when the 
Body P is not in the Nodes C, D,) inclined 
to 'the Plane of the Orbit PA B, will, be- 
ſides the above-mentioned Error in Longi- 
tude, induce an Error in Latitude, gr diſturb 
the Inclination of the Orbit. 

13, Fox let P 4 be drawn parallel to 
NM, and let P p be the Space through 
which the Satellite P would move in its 
Orbit in a ſmall Particle of Time, excluſive 
of the Force NM; and by the Force NM 
alone ſuppoſe it in the ſame Time moved 
through the Space P; then compleating 
the Parallelogram Pr, p, and drawing the 
Diagonal P, that will repreſent the real 
Motion, and the true Place of the Satellite 
at the End of the ſaid Time: But tis evi- 
dent the Linea P is not in the Flane of 
the Orbit CA D. 

19. HENCE it follows, that by the Force 


NM the Body P will be accelerated in its 


I Motion 
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APPENDIX. 

tion from -C to A, and from D to B, 
and retarded as it paſſes from A to D, and 
tom B to C. For let Pg be drawn paral- . 
u 0 N N, and/expotind that Force, then 
eontinuing T P to 7, and drawing gr per- 
pendigular thereto, the Force P'q. becomes 
reſolved into the two Forces'r P and 43 
of which the former, acting in the Direc- 
tion PT, does not diſturb the Planet's Mo- 
ton in Longitade, nor the equable Deſcrip- 
tion of Areas: But the other Part'r g, act. 
ing in the Direction 7 q, conſpires with the 


Motion of the Satellite P in its Orbit, (as 


bein being parallel to the Tangent 44) and there- 
fore accelerates its Motion in Longitude. 
By the ſame way of reaſoning, by making 
the like Conſtruction between A and D it 
will appear that the Motion of the Satel- 
lite will be there retarded, the Force 19 
being on that Side in a contrary Direction. 

20. AGAIN,” as the Planet paſſes from 
D to B, it will be again accelerated; for 
[et þ here expreſs the Force Nn, which is 
now negative, or acts in a contrary Direc- 
ton to the former N M, that is, from p 
to 5, ſuppoſing p parallel to NM; for then 
ts conſpires with the Motion of the Planet 
in the Direction of the Tangent c d. In 
the ſame Manner it is ſhewn the Planet is 


0 ai * 1 retarded 


| 
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che Body 2. i>'<duſtarithy. bevelerared day 


NM are directly contrary to each other 


Ar 


retarded in going from nenn by the we 
trary. Direction of . 1 . gel oe 


21. HN alſo it! e _ 


C-to A, and from D to. By the Velocity of 
the Satellite will be greater in the Points A 
and B e ent n in; Ge Paints 
C and D. 4 415 oat. ht hit; 

N. Tut Orbit alfo will bent: Ju) 
W convex in C and D than in the 
Points R and B; for the ſwifter Bodies 


movw, the leſe they deflect from a a  Ripht- 


Line "Courſe in 4 given Time. Moreover, 
in the Points A and B, the Force L M and 


and their Difference NM - LM = KL 


I wilt be as the Force which draws the Body 
ftom T. towards, 8; and ſince this Force 


K L is greater when the Body is at A, than 
when at Cor D, the Body will there be le 
urged towards, T, and fo will leſs defiet 


from a Right Line, The lame may be 


ſhewn when the Body is in the Point B by 

the Force, /. See Annor. LXXXIV. 20. 

23. WHENCE the Body P will [caters 
paribus) recede farther from T in the Point 


E and D than at A and B; as is eaſy to 


obſerve from the Figure of the Orbit, which 


1s leſs curved, and therefore nearer to Tn 
= Aa 


APPENDIX, 


and not an Ellis, which Caſe will be con- 
idered by and by 
24. BECAUSE the centripetal ink of the 


tetain'd in its Orbit, is augmented in the 
points C and D by. the addititious Force, 
LM, and diminiſhed in the Points A and 


aways greater than L M from C to A (and 
double thereto at A: See Arnot. LXXXIV. 
20, 21, 22.) and from A to D, (where it 
becomes equal to it) therefore the centri 
petal Foree (F) is upon the whole dimi- 


therefore the Radius TP (s). remaining the 
ame, the Periodical Time (P) of the Planet 


Power K L; and becauſe in that Caſe P;: 
2 it appears the Periodical time will be 
increaſed in the Subduplicate Ratio by which 
the Force F is decreaſed. 

25. AGAIN, ſuppoſing the contripetal 
Force F to remain the ſame, (as we may 


central Body T, by which the Body P is 


B by the Force K L; and becauſe K L is. 


niſned by * Action of the Body 8. And 
becauſe F: Po (by Annotat. XXXIV. 6. ). 


will be augmented by the Action of the 


when 


| 33 
4 and B, than at C and D. What is here 

aid is upon Suppoſition that the Orbit (ex- 

duſive of the perturbating Forces) is a Circle, - 


— ea wo — K et xy oy 


— A AA oo ere 
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the whole carried forwards, or in Conſe 
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it, Annotat. LXXXIV. 22.) then however 
the Diſtance PT (a) may vary, we bee 
P.: 4, or P: 4 V 4. Therefore when 
neither the Diſtance (a) nor the centripeti 


* as 
Foree F are conflant, we bare F f * 
or T 


VS ; that i is, the Periodical Time () wil 


be in a Ratio compounded of the Seſqui- 


plicate Ratio. of the Diſtance VT; a, and the 


Ratio 26.9 þ which is ſubduplicate of that 
VF. 


by which the central Force B 1s increaſe 
or diminiſhed by the Decreaſe or Increaſe 
of the Action of the diſtant Body 8. 

26. FRO what has been ſaid, it follows 
alſo, that the Axis of the Ellipſis deſcribed 
by the Body P, or Line of the Ap/ides, has 
an angular Motion backwards and for- 
wards by Turns, but its Progreſs exceeds 
the Regreſs; and by that Exceſs it is upon 


quentia, For the Force by which the Body 
P is urged towards T in the Points C and 
D, where the Force M V vaniſhes, 1s com- 


3 of the Force LM, and the cen- 
* 
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ripetal Forcg or Attraction of the Body T. 
The former Force LM, if the Diſtance 
pT be increaſed, increaſes'; nearly in the 
ame Ratio; and the latter Force (F) is in- 


388 


en 
al MY verſely as the Square of that Diſtance, vis. 
4 1 12 wherefore the whole Force is as 
I | 25 

I 
ill #4 * PT * | 
i= 27, Now F : TPI is a leſs Ratio 
PF 
e | 
4 than F : 5. For Example: Let the El- 


lipſis (when the Satellite is in the Quadra- 
tures) be APB, and the Axis be AB; the 
Diſtances from the central Body T let be 
PT:CT::6:5; then the centripetal 
Force at P will be to that at Cas 25 to 36; 
but the additional Force (L M) at P is as 
PT=6, and at Cas TC=5; therefore 
the compound Forces at P and C are as 
25 16: 36 +5; or as 31 to 41, which is 


36 X 31 
25 
41 is leſs than the Ratio 31: 44, 64. 
23, HENCE, ſince when the Force at P 
ls 28 1 the Planet deſcribes an Ellipſis 
» 


PAB; 


RLE 


= 44,04. But the Ratio 31: 


a leſs Ratio than 25: 36. For as 25: 36 
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F ig. 2. 


Fig. 3. 


in the Oval P29, the ſaid Angle T Py 


the higheſt Apſis 


Ar 1E ND K 


PAB} ad oat the, 100 Forte 18 wal 


the curve . 1 — 
(by Anno. XI.) tis evident Ne. 


will with a Force as P 14 + 5 deberbe 


an Oval Pa 9. ill more curved than the E- 
lipſis, and therefore will lie within it. No e 
were the Planet P to ſet out from any Point pe. 
P (in which the Radius T P cuts all the three Md: 
Curves in one common oblique Angle) ad Dife 
to proceed firſt in the Spiral Path from P 
towards , the Radius TP would conſtant- 
ly interſect the ſaid Curve in the ſame Angle 
as at P. But ſecondly, if it proceeded in 
the Elliptie Arch from P towards A, the 
Angle TPA would continually be aber. 
ing and approaching nearer to a + Right 
Angle, which it would make when it ar- 
rived in the Point A. Laſtly, if it ſet out 


would alter much faſter, and - approagh 
more quiekly to a Right Angle, whit 
happens in the Point a, beeauſe of itz 
greater Curvity, or Deviation W the 
Spiral Ps. 


29. be this conn Fore 


wilt be removed back- 
wards to a, or the Nis of the Ellipfis ABI 
wall 


APPEND 1.x) 


mill recede into che Poſition 4 6; and this 
ill be the Cale evety Time the Line of 


the —_ jp pn eh "hp i the” 


17. at” | 5 


1 ON the — hand, when the 0 
lite is in the Syzygical Line CP it is urged 
with a Force in the lower Apſis C, Which 
x equal to the Difference between the cen- 
ripetal Force and that expreſſed by KL 
and in the upper Apſis it is equal to che 
piference between the central Force and 
1j which #1 is as. P T or A T, a being 
buble thereof; therefore the. compound 


force about the upper Apſis is as p 


—P T, "NI is 2 Pn Ratio than that 


3—5 * ig! 31. But 1931 is a Petter 
Ratio than 25 to 36; whence the Path of 
the Satellite Pag is not ſo much curved as 
the Ellipſis PAB, and therefore lies be- 
tween it and the Spiral Pr 5s; and there- 
bre as the Radius moves from P towards 
A, it ſooner makes a Right Angle with the 
Elipſe at A, than with the Oval Pag, which 
happens at 2. The Line of the Apſiles AB 
therefore goes forwards in thus 188. and be- 


comes A 5. 4 1 | As oo 


A os 


* 
1 . 
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31. Any becauſe the ablatitious Patt 41 
is twice as great as the addititious Part In 
for the upper Apſis, and KL 2. LM for 
the lower; therefore the Ratio of the com- 


pound Forces, which is greater than the 
Ratio of the Squares of the Diſtances in- 


verſely, will upon the whole prevail, aud 
cauſe a progreſſive angular Motion of the 
Line of the Aplides. | 
32. HENCE 'tis evident there i is a certain 
Point between the Quadratures and Syzy- 
gies, where the Apſides are quieſcent ; to 
find which, let P be the Place of the gut. 
lite in the Apſis required; through P dray 
P g equal and parallel to NM or T M, and 
produce it to K, then is Pgq=3ÞPK 
{ Annot. LXXXIV. 21.) From q, let fil 
the Perpendicular q 7 upon PT ' produced, 
and the Force P 9 is reſolved into two other 
Pr and gr; of which gr, by acting per- 
pendicularly to the Radius, does neither ac- 
celerate nor. retard the Motion of P towards 
T; but the other Part Pe, acting direQly 
contrary thereto from P towards 7, dimi- 
niſhes the central Force of P towards I. 
But the Force LM or PT augments it; 
the Point therefore where Pr =PT is 
that required. Now becauſe of fimila 
Triangles T PK and qPr, we have PT: 
Pk 
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PK::Po(=3PK): Pr=PT, in the 
(ale propoſed. Therefore 3ÞPK* BY, 5 
whence PT: PK:: 3 $0 EO 

33. HENCE we. have this Analogy; "As 
V 3: 1 :: Radius PT. Sine PEK of the 
Arch C P = 35% 169 The Point, then, 
where the central Force is neither Hucresfed 

nor diminiſhed by the Force of the un, 
and con ſequent! y where the. Apſides are at 
Reſt, is at 359 16“ an each ſide the Qua- 
(ratures, or at 54% 44 from the Syzygies 
on each Side; ſo that the Apſides do in each 
Revolution of the Planet Li ceteris paribus} 
go backwards through hal 45 and en 
through 2182 56. 

34. SINCE the- Progrefy or evil of the Plate 
Aplides depends on the Decrement of the EXIX. 
Fig. 4. 

central. Force in a greater or leſſer Ratio 
than that which is duplicate of the Dis 
ance in going from the lower Apſis:Ato 
the upper one B, and alſo on a ſimilar In- 
cement in returning from B to A, and is 
therefore greateſt, when this Proportion of 
de Force in the upper Apſi to! that in 
the lower Apſis does moſt of: all. 3 
tom the inverſe, duplicate Ratio of the Diſ- 
uances; it is evident that the Apſides i In 
heir Syzygies by the ablative Fofce KL 


K Var. III. \ 2 will 


1 will go % o brad more {wi 
flowly tn their 2 


Ke find tf 


„ ulld mdte 
y the addin: 
tious Force LM. A As { 93th dv; 

35. Fon let che PO of 'Aﬀeac- 


tion in T be=a, then becauſe this" is een 
where in the Ratio of at the Body h. 
the Tore by which me Wann * attrate 
ug Y 2 
towards, 'T will be as PS Again, if th 


Satellite P be within 54 Degrees of we © 
gyzygzies A or B, its Force is diſturbel by © © 
an extraneous Force (5), which is every 9 
where as K L or 4; therefore thispertur- fl d 
bating Force is „ x K L, or 6 X A3 ſothatf | 
the Force upon P in the Points P amd o 
5 (within chat Limit) is every where in i 10 
| Roof pas AX KL OO of a 
which Ratio, dans P is in the Points ! * 
and B becomes IE —» Sa AT to ceſs 
BT, (becauſe then K L; 41A TIN ©, 
:pT, and TP=AT, and f =BT, of, 
has been mewn.) Now this teduced to hl | 
common. Denomination is F FN 7 var 
25 ANT to AT N- TB. hap 


36. Nor wit 


689 10 0 


Ar rt. 


26, Now this Ratio rebedes fo much the 
more r the Ratio af T B' ITY 


oN 7 by fig! much 2—4 4 


ecedes from an Equality with = * ra . 

or by how much A T is leſs than TB; that 

„ when the Line of the Apſides is in the 
Syzygies as in Fig. 5. In this Poſition plate 
therefore the Apſides will 80 Oy bitter LXIX. 
han in any other. 

Bur when (in this Caſe) the Body P 1d 
n the Quadratures C and D, the additional 
Force L M becoming equal to C T TD, 
md CT + T D being here leſs than in 
ny other Situation of the Apſides, (as 
Fig. 4.) from the Nature of an Ellipſis, 
therefore the Ratio or Quantity of the per- 
urbating Force thence ariſing will be Teaft 
of all; and conſequently the Apfides will 
recede flower in this than in any other Si- 
mation. Hence, upon the Whole, the Ex- 
ceſs in the Progreſs of the Apfides will 
in this Situation be greater than in N 
ther, 

38. Ir the Line of the Apſides be ftu- 
ated in the Quadratures, then for juſt con- 
tary Cauſes the contrary Phænomena will 
tappen 3 ; that is, they will recede moſt 
ſritly when the Satellite is in the Quadra- 


2 2 turess 


A PP'E N'D'I R. 


nor to the Ellipſe A C B, and conſequently 
more eccentric, inaſmuch as the Ratio of TB 
oT A is increaſed by being ene to the 

Ratio of T to TA. T 

41. ON the contrary, it a Body 10 out 5 
from the lower Apfis B towards the upper 
A, and is attracted every where with a 
Force that decreaſes more than in the du- 
plicate Ratio of the increaſing Diſtance ; 
then, being leſs attracted than it would be 

i the Ellipſe, it will deſcribe an Orbit ex- 
terior to the Ellipſe, as B 4a; which alſo 
z more eccentric than the Ellipſe, becauſe 
T to T B is a e Ratio n TA to 
TB. | 
42. By the find Way of Reafouiinzy we 
new, that if in the Deſcent the Force be 
ncreaſed in a Ratio leſs than that of the 
Square of the diminiſhed Diſtance, or in 
the Aſcent it be diminiſhed in a Ratio leſs 
than the Square of the increaſed Diſtance, 
the Orbit deſcribed will be leſs eccentric Man | 
the Ellipſe. 

43. THEREFORE when the Satellite Pi is 
in the Quadratures C and D, if the abſo- 
lute central Force be to the abſolute addi- 
tional Force as a to , we ſhall have the 
hole Forces at C and ei in the Ratio-of 


& 3 ENA 


Plate 
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Fig. 6. 


Fig. 5. 


Ar PEN DT N. 


c= er to * - + KT which 


fs af FF a + OF Rn, 


X T D!, But this is a Tefs Ratio than that 95 
of T D to TC, becauſe CT is greater than Orb 
TD. Therefore in that Part of the O- be. 
bit where the addititious Force L M takes eli 
place, the Eccentricity will be diminiſhed tuck: 
by „ For. 

44. AGAIN 7 ſuppoſing os Satellite 1 n and 
the Syzygies PQ, then den the Force, 1 in in Q are 
will be to that at Pas TP N Xa.—bXTC the 
to TQ:X =P, which {Ratio b * 
greater than that of T P* to TO becauiMl - 4 
'T.Q-is lefs than TP; wherefore; in and near CA 
the Syzygies the Eccentricity of the Orbit C 
will be increaſed, {by Art. 40, 41%, The exp 
Eccentricity therefore of the Orbit will bl tic 
twice changed in eycry' Revolution 4 the et 
Satellite 2 C 

45. Ir the Apſides be ſituated. in the ther 
Quadratures, then, becauſe the Ratio of For. 
T Deo T is greateſt of all, the Eecentri- beir 
city of the Orbit will be leaſt of alh (A, Gt 
43.) Again; when the Apſides-are in the but 
Syzygies,. the Eccentricity is the- greateſt oi lr 
all for the ſame Reaſon, viz. the greateſt dra 
Diſparity of A T and TB, Hence tie ton 


Eccentricity 
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Eccentricity; of the Orbit is Fr. Ka 
dealing as 15 Apfides paſs, from th a 


ratyres to We Sxazxgſeb and He 17 
a Bayt been already; ſhe 1 art. 


T7 18.) that if the Plane of the "i th! 5 


Orbit he inglined to the Plane. in are 
the Bodies & and Typ Me. Motian 9 g der 
rllite in Latitude wall in 99 wile bs gil 
urbed by che Part, L. Mf che extraneous 
Force, but, only, by the other Part NM. 
and not by that neither. when, the Nades 
ae in the, Syzygies; hut When they, arg i 
the r chi Rskurhation 18 Frege 
of all. Job Hier bod r 
47. Fox Jet, F be the Kelle in in Orhs 
CAD, inclingd to the immoveable, Plane 
CED in any, Angle ADE; and, let. S 
expound the Force of the Body 8, attracling 
the Satellite in the Direction PS. EFrm P 
let fall the Bexpendieplar;,P f t the, Plage 
CFD, and draw the Right, Ling, J. 95 


Plate 


LXIX. 
Fig. 8. 


then the Force P 8 is reſolvable into the 


Forces 89 and P23 of Which therformer, 
being in the faid Plane C D, dgeß nat 
diſturb the, Satellite's Motion in Latitude; 
but the other Force Pg, being perpendjeu- 
lar to the. Plane CF Þ, is wholly, ſpent in 

drawing the, Satellite from its Orhit. GAP 


wand ity, and e is rere ge 


2 4 


— ——— 


— — —— —— — > 


vn 
ö 
| 


Plate 
LXX. 
Fig. 1. 


to the Force by which the Motiot in Tut. 


ſent the extraneous Force NM, gh. the 


in 2 ſmall Particle of Time by 


nion B. 


'TP- the Arch of a Circle Pc ed 


| N M is very ſmall, compared' with thejcen- 


Ll 


Arft. 


tude is—difturhed;© But the Porte Pl 
evidently greateſt when 8 T D is 1 Night 
Angle, and is. nothing when thit Angie 
va iſhes. No. i add {al — F 
48. Wurx N Nodes are in yi 
gratures C, D, as the Satellite P p. 
the Quadratures to the Syzygies no | 
natſon of the Orbit is diminiſhed, 
increaſed in going from the. 852 * * 
adratures. For let P (as befböre) 


Direction of its Action; wa have e 
that the Body P will deſcribe the Lingh 2 
che bom 
pound Force, which” Lineola Pa © not il the 
Plane of the Orbit C P D, but deflectꝭ rom 
it towards P 73 ſo chat the Satellite weil 
moyes in the Plane T P 5, which produce 
will not meet the Plane EE n . 
in another Point cy 8 2 ons 


49. Pon with the Radius Tr. brit 
the Circle ECF D! in the fixed plane job 
ing through T and 8, and in the 


the other in c. Now becauſe the Force 


tral Force, therefore the Angle CP the 
9 88 Inctination 
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N rEN NTX. 
Indination of che Planes OPT and T, 
exceeding ſmall, and the Arch Ce an in- 
initeſimal Quantity; therefore ſince PA 
ns the Sum of the two 
PC Pe is leſs than G A AD, 
ra ' Semicirele}! and hence in the ſpherical 
tangle CP'2the external Angle P CF is 
reater than the internal oppoſite Angle 
ec (See my Young T rigonometer”s Guide, 
ol. H.) That is, the Inclination of the 
plate CA D to the Plane CFD is greater 
than the Inclination of the Plane PT 
thereto ; yh Was the fitſt Thing to be 
Hern | 06.00, $2367% 05119) Ot hafte ar 40 
| $0. 15 like Manner we prove, that as 
de Body P goes from the Conjunction A 
5 the Quadrature D, the Ineclination of 
ie Orbit will be increaſed ; for if, in this 
aſe, through the Points P. and g we de- 
tribe an Arch of à Circle in the Plane 
pi, the ſaid Arch PA will meet the 
dhe EF Din the Point d between F and 
d; and the extetior Angle P d F, the new. 
anten of i its Orbit, will be greater than 
the interior oppoſite Angle PDF, which 
s the Inclination 'when the Satellite was 
at AY which was the ſecond: thing to be 
deyn. 23688 
51. HENSE tis evident, chat i in this Si- 
fuation of the Nodes the Tnclination of 'the 
Orbit 


ARE NN. 
Orbit zs leaf cf) all when, he Satgllite. i i 
the Syzygies at A, and, that it returns. ta its 
former Maguiude at the ners Node; for 
the fame Things ae in h fame, Manner 
mewn when the! Satellite paſſes theough the 
remoter Pant ef its Orbit PRG. 
32. H8NGE alſo tbe Nades in thin Ng 
den have a etrigrade Motion, on arg cu. 
ried backwards from the Ste P.C:t0 4% in 
half a Revglutipn of the Satellite; and they 
de as much more during the other Halt 
Reyalutign 2d: nal 9143 gal: 
% $3- 1«;,the Nodes E L, ate in the Oer 
tants after the Quadratures C and D, thay 
44. U. The- Inchngtion of the. Fang will be 
conſtantiy diminiſhed, in paſſing from the 
Noge K.t9.yhe. goth Degree at Hf (+ 
(a+) Jt will be zugteaſgq during, the: Motigo 
From . thay, Point to, the next, Quadrature Þ 
or. C. (3.) During both,,thels ;Traplygy.o 
the Motion from K to, N, gr, Tram L. ig G 
the Nodes go backwards. 14) In paſling 
from the Quadratures to the, next Node the 
Inelination of the Orbit. is ,giminiſbed,;apd 


the Nodes go forwards. The, firſt, ſecand, 


and third are; ſhewn , as before, { Ar. 
49-52.) and the fourth is thus demoge 
ſtrated. 

54. WHEN the Satellite P has paſs'd the 


.. en D, the Power: N M becomes 


negative, 
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negative, ot acts in 2. contrary. Direction 
with reſpect ta F, and hence the Lineala P. 
deſcribed by the compound Motion defects 
from the Arch of the Orbit Pp towards 
the Side BA; therefore tis plain, the Arch 
of a Circle PI, deſcribhed with the Ra- 
dus TP in the Plane TP, will meet the 
Circle FL Bin a Point / between E and 

B; then, as before, we ſhew the Angle 
PJF is leſs: than the Angle P LF; and 
the Node L has, during the Motion through . 
D/, gone forwards to l. The ſame Wee 
happen in the Tranſit from C to K. 

55. FRoM what we have Hemonſitated 
it appears, that during the whole Tranſit 
from the Node K to the Node L, the In- 
clination of the Orbit is more diminiſhed 
than increaſet}, and the ſame, Thing happens 
on the other Side in going from L to K 
therefore the Inclination is always leſs in the 
ſubſequent than in the preceding Node. 
And this will be the Caſe, more or leſs; 
wherever the Node ſy is ere berweed K 
and 8. E ST 
46, Wurx the Nodes are in the ther 
Octants, viz. between 8 and V, and R And 
W; then, (1.) While the Body P is paſſ- 
ing from the Node to the next Quadra 
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ture, the Melinstlon of the Orbit is ©”, 
creaſed, and the Nodes go forwards. {z; 
In / paſſing from the Quadrature to the 
goth” Degree from the Node” H or G, the 
Inclination is diminiſhed; and the Node: 
go backwards. (3.) In paſſing from thenee 
10: the next Node, the Inclination is in. 
creaſed, and the Nodes ſtill go backwards, 
Ide ſecond and third are demonſtrated al- 
together as bolore, Reg 49.) wen oh 
i thus nem 11700 $99.7 14 S278 
57. THE: Satellite deilg at P, ee 
K and C, the Direction of tlie Force NM 
s that of Pe; whence the Lineula, ÞP ;, 
defcribed by the compound Force, will de- 
flect from the Arch Py of the Orbit to- 


Wardg the Side VR; and bonſequentiy 


circular Arch defcribed on the Centre I 
through the Points 7 and P, in the Plane 


TP, will meet the primitive Circle VSA 


in a Point 4 between K and 8. Therefore 
thei Angle 24 F is greater than the Angle 
PK F; and the Node K is carried in Cin. 
Sequentia from K to E. The ſame Thing 
is ſhewn for che other vary of the _ 
L GK: | 
58. HENCE it appears, * doe * 
Nodes go forwards only while the Satellit 
is hetyeen the Node and the next Quadra- 
wn 
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e, and backwards while! it paſſes from 
thence to the next Node, the Nodes in each 
Revolution go backwards more then forwards: 


ind therefore, upon the Whole, the Motion: 


F the Nodes: is abſolutely backwards, unleis 
they happen to be in the Syzygies, where 
they are quieſcent 3 becauſe in that , Caſe 
the Motion in Latitude is not at all diſ- 


turbed by the Force N M. and conſequently | 


where the Inclination of the adn is the 
greateſt of all. (See Art. 46.) "AT 

5g. ALL the Errors: in the Satellite's 
Motion hitherto deſeribed are a little greater 
in the Conjunction of the Bodies P and 8. 
than in their Oppoſition; becauſe the ge= 
nerating Forces NM and LM in the fer- 
mer Caſe are greater than NM and Im in 


the latter; as we have ſhewn in Annotation: 


IXXIV. Art. 9, 10, 11, 12. Alſo it is 
there ſhewn, that each of the diſturbing 
forces NM and LM is inverſely. as the 


Cube of the Diſtance, and therefore be- 


come greater than the Diſtance 8 T is leſs, 
VIZ. in Peribelis, and leſs as the Diſtance 
ncreaſes, viz. in Aphelio. 

60, Or theſe diſturbing Forces, Gnce 
NM is near twice as great as LM, there- 
fore the Diminution of the central Force 
wil exceed its Augmentation doubly; and 

/ 0 
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5 359 | Avomn mand 


""Jarupanithe Whole; the Satellite P will be 

les attracted towards T by the joint Forces 
af 8 and T, than by che Body T alone; 
oonſequently the Satellite deſcribes a large 
Orbit, and: 4s TR a nm 
61. 15 all chat bes been id, ifs he the 
Sun, T the Earth, and P the Moon, the 
Theory of the Lunar Motions and Irregu- 
larities is contained in the foregoing Au- 
ticles. And as this Theory reſults from tir 
Laws of Attraction, and was firſt "excopi- 
tated by Sir 1/azc Newton by reaſoning d 
Priori; ſo it is found no leſs conſonant to 
the: Eniperience and Obſervation of Aſtrono- 
mers: For from thence it appears, (i. 
That the Moon deſcribes not :a:Czrcle but 
an Ellip/e about the Earth. (a.) That the 
Eceentricity of the Lunar Orbit is vatiable, 
deing when leaſt but 43619; when mean, 
55237; and when greateſt, 66854 of ſuch 
Parts as the Radius contains 1000000, 
(3.) That the Moon's Apogee goes for- 
wards in the Syzygies, and backwards in 
the Quadratures ; but upon the whole it 
goes forwards, fo as to complete a Revo- 
Jution in about nine Years. (4.) That the 
Moon's Orbit is inclined to the. Plane ef 
the Ecliptic in a certain Angle, (5.) That 
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Stevens 
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et 5 18. (6. erbat che Nodes of 
be {ſometime Vackwards; forme. 
ies fol Wards, and are in che 
(njeſcent. (J.) That the Motion of the 
Mnar Nodes iv upon the Whole backwards, 
at} the Rate of 20 per Annum, and % e 
to tompleat a Revolution"ih' about 18 Years 
Wan Half.” Sch is che Bure 
of! the Newtonia 1.25 2 461 2 
Mer varlon, h n this *mſt Mn Tarn 


tat n 1 5 Call, 870 


Jtvima pamtuntur with Fenetrafia 


0 Mg 


TY i 'S nf) ”y KLE 15 
d. . 11. 114 155 iq. { .; +4 iff "5 


Diſcimus hinc Honiton 1 cauſſd argentra 3 
42 Baud aquis gruditur; J ctr filbdita nian 
Hacfenus A lane numerorum frana ricafet 


bz. Tux ſame Method: of Reaſoning; th 
ith we have explained'the Tides, aud the 
Liinar Theory, does alſo furniſh us with a 
Phyfizal Explicarion of the Motion "of rhe 
Earth's Arc. For let us eneetve nutiie- 


the Fatth” T. "at an equal Diſtande, in equal 


Able, deine ben 2 in gp" | 


44 Halley might well „ very n > f 


Nee late Wee e i ber 


Cur, remeant N a, curglie Auger Progr ediantar. | 


Wus Bodlies, ſuch lag! P, *to''Fevolve: abulit _ 
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LXXI. 
Times, Fi 12+ I. 


Tunes, aud in 2. Plans, indlived,yo gh 
Pine af he Hens ba 
will be affected with he ſame Motion as 


— a fluid — 4 * Ring of abe 
Ss Waun: Om 
63. 'THEN: 7 Pang each Part of the "fi 
obſerves the ſame. Laws, of Motion with P, 
and becauſe while. 'one Part i is ſo attracted as 


to augment the Inclingtion f the Plane, 
the contrary Part is affected by acontrary 
Force to diminiſh it, therefore the Indli- 
nation of the Plane will always be variable, 
and governed by the Difference of che Forces 
WINE act upon it in contrary Parts. 
64. THEREFORE ſince the greater Force 
always prevails, the Parts of the Ring 
which are ,in the Conjunction and Oppo- 
ſition will move more ſwiftly, and acht 
- nearer to the Body T than thoſe in the Qua- 
diratures (by Article 21, 22;), And the 
Nodes of this Ring will be quieſcent 3 in the 
Syzygies, but in any other Situation will 
go backwards, and ſwifteſt of all in the 
Quacdratures (by Article 47—58.) -Laſth, 
tte Inclination of the Ring will be; every 
where 2 to .that of the -Lunar Or- 


bit; 
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bit; and conſequently its Axis will in each 
Revolution ofcillate to and from. the; Axis 


of the Ecliptic; and be--carried-/ backward 


by the Retroteſſion of the Line of Nodes. 
65. Ir the Quantity of Matter in the 


Ring were to be dase. any Ratio, 


the Motions will all remain the fame; as 
depending on "the attractive Force of the 
central Body T, © which is ſtill the fime; 


f the Diameter of the Ring be diminiſhed, 
the Motions will be in the ſame Natio di- 
miniſhed alſo; for 5 will be a8 their 
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Cauſes. But LM: T and, becauſe 125 


78 is conſtant, LM is as PT. Alſo M = 


TM ST; therdfacs MS 3s 25 


ST, a given Quantity. {See Aeta 


9, 11.) Conſequently the Mo- 
tons of the Ring will be every where: 4 
the diminiſhed Diſtance PT. 1 


66. SurposE therefore the Pos af Plate 
the Ring to be diminiſhed ſo far as to be — 


equal only to the Diameter of the Earth; 
and the Body T to be ſpherical, and every 
my enlarged till it equalled” the Bulk of 
the Earth; then would the Ring of Bodies 
wincide with, and” be contiguous to the 
Vol. III. Aa Tat Surface 


Fig. 2. 
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Ring made an Angle with the Plane 6b th 


only in a leſſer Degree; and would be cm- 


Arb IN 


Surface of the FEirtltg and Would 00e x 


here to it. And ſuppaſe the: Plane hof the 


Frliptic of 23 Degrebs and a half; then would 
all; the Motions of the Ring "continue; 


municated to the Earth, becauſe it adbetes 
firmly thereto; for the Earth equilibrated 
in Ether will yield tb uy Motion intipreſſed 
upon it from without. But the Motions 
of the Ring beinig /now communieated tb 
the Body: of the Earth, will be farther” di- 
mainiſhsd in Proportion as the Maſs 0 
Matter to be moved is augmented. 
67%. Now this Circle or Ring of Bodies 
encompaſſing the 'Eatth by Suppoſition is 
actually the true” State of the Earth; for 
we have ſhewn its. Diameter through the 
Equator K Q exceeds the Length ofthe 
Axis, N, / Arnot. CXLVIII.) and there- 
fore it is ſurrounded by a Zone of Matter 
upon the Equator analogous to this feigned 
Ring of Bodies, and which muſt of _-_ 
proce the ſame Effects. | 
\--68. Henct in the Equinoxes,” tht is 
when the Earth's Nodes are in the Syzygies 
or when the Line of the Nodes ( bi the 
Fquinoxes) paſs: through the Earth and 
Sun, the- Inclination of the Equator "and 
Ecliptic, that is, the Angle E T E or FTI. 
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ApapRD43/ 


b preatelt OIL, Am HF this Time it 
oa lels h che Sun arten at the goth 
7 (obj 186/five}- hen the, Eine of 
Nodes aref in the Rodgers ü e iy 
| | Rib eckt 46 of OL Ile 
een. 4. Near the In- 
dination of the, Loher aud Equator ns 
liminiſhedg- and, ttrigg, again. reſtored ; and 
the Nodes (or: Equinoxes), .copſlantly;; ao 
hckwards,! and carty the Axis f the Earth, 
TH with 4 retrograde Motiog, aht the 
Axis of the Boliptſe T Ff tracing . gutf tlie 


n the Heavens ainong the Fixed Sters. 
70. AGAIN | the Plant of the, »Equator 


; inclined to the Plane of the Mpan 8 Or-. 
bit, for the latter makes an Angle \* but 
bout - 5 Degrees with the Plane gf, the 
[cliptic; and therefore the Moon ork 

: leſs Body than the Sun, yat e 
produces a greater Effech than the Sun on 
the Equatorial Ring or Zone of Matter 
ind ſo augments all the aforeſaid} Motions 
of the Earth's Plane and Axis. Sir 185 
Newton has ſhewn Prop? XXXIX 55 II.) 
that the Part of the annyal Recg 95 rhe 
Equinaxes, which is owing: do the Sys is 
% 20%, and chat Which is , owing ta 
ti Moon' is 29” 52 of” © 98 ; therefore by the 
| n of ein 


les, 


Circle: or rather vermiculer. Cuxye Ha b * 


Plate 


LXXI. 
Fig. 3. 


Joint -Iifluericerof the Sun and Nin N 
Equinoxes recede ycarlyabout Fo ea 


BD, we N q::G:'g (rt. 7). 1 


: the ker Ratio. by l ot ve have Qu 9: 
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which::is lkewiſe xerited by dee 


tions: of: Aſtronomer for ai care ga Q : 
See Annotation (XII. | 3 eie 
71. ISH now! e Wa . 
ede by Philoſophers for computing. T bo 
Quantities | of Matter, Denſities; Weig M, 
of. Bodies, Ge. in the Sn the Earl, yulll / * 
piter, and Saturn, by Means of - S . 7: 
rerolving about them, In order w d E * = 
ex preſs the ee of Matter it Jun 
the two Bodies A, Bz alſo let Gs g, be dt 15 


reſpective Forces of: Gravity: at the « 
Diſtances A C and B D. Let T,. T; hed : 
Periodical Times of Bodies. revolxing 1 
A and B at thoſe equal Diſtances; 2 
T. t, be the Periodical Times of I 
revolving at the unequal Diſtanees ac 1 
BE, which call D and d. 43 31 

72. THEN in the given Diſtances.A 


G : 3 & 5 Annot.” VXN, %] 


G7, and 'muultiphin N 


23% +1,» 


=P . 75 But becauſe T Dr 
740 * 7 #1 art 


Kerenn: x4 SET $57 


1.51 34 hes p 7 * e 
Mt, 10 Ke By = 2; 3 She 
Gir e Thitis, The Quantities, of 


debt! etz 
Matter, in ary. Tun Bodies are in the. 
1 of, the be Cie s of £6, DiBances diredthy 


ad Squares gf, the; Periadical» Tamer inverſely 


* AVI I" n As 


;at Relf. with feßpec 29 eee | 
pier and. gaffen in, reſpett of: their, Secouy 
dies; and; We, hape reduced the. Diſtance 
of the Moon to G0 eters, at which 
he would. revolve afout che. Earth at Reſt. 
eee ofthe Een From, the 
dun be put © : zie: Foods Ago 
then Venus Pe Sek about the Sun ; 

at, the Diſtance — 0 * 
te 4th Satellite of Jupiter, at 3 bas 

Diſtance | 


450'T 
the 4th Supt « Nees at the 
Sd i e eee 85 WY 
the Moon at the Diſtance... WD 3,054 


75 Venus i 8. . 19444160" 
The Peri of the Jowan Sat. 1441929, 
— the Saturnian Sat. 1 377074 
of the WY Vc 1:49 Sade 
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? hs 2 2 92 * 220 00 
Ne Toy 5 55 N 14 9 n: 
806 95305, {by 1 1 | 
rpiter vom parcd: wi IM the Sit. WY - - 
By the ſame e the rast are Wund, Foe 
and in each e 8 N * 
Hike Su, Fupters; Sata Ears n, ac 
eo: 4,305) 34250, 85 0 57 wh 
7 Now if chefs Quantities cf Milt of 
are divided by theiSquires Ur the Dia- id 
ters of theſe Bodics; the  Quitienth, + in * 
a he Weight of Böde on rn fd and 
(by _ Ki tr ES of. i Dif 
2 
Tm 
* Sun, ns Carts th 0, 
mes oh. 986. 519. 451. 29) 46. Wl the 
nn homogentous, uncl ad ties 
Bodies, the Grabities on their Snares 7 Q : 
a tbe Diameters, bg the Dentities® Are pq ** 
Ws Annotation XIX. 3.) But if the 
equal, the Gravitits will be | as the Dit N 
becauſe * they will be as the (Wantities oof ' 7 
„Matter, Which in this Caſe areas the Den Di 
ſities ¶ Annot. XVII) T herefore in -Bodi wil 


of Unequal Bulks a nd” Denſities, the Gro 
pities will be in & 4 Ratio of the Þ 
@melt 


_ ROPE: Xe. 


Sf A23-— $- 


are Lats” = the eee ah deter- 
mined are not to be ſuppoſed the true, but 
rather mean Den/itzes;. or ſuch as the Bodies 
would have if they were  homogeneal, and 
of the ſame. Maſs of Matter and- Magni- 
tude. „% e 11 FrANSAT „,: e 
78. LET F, J, be the Fortes of the Sun 
and Mdon:/to move tlie Bea; D, d. their 
Diſtances frog! - "this Earth, then . F: 


95 Fa. (See Annotatitn XIX'a and py. 


2420 7 775. 


17 
of ry Let B, 3, be lie Bulks; 
the Diameters; and N= ug tlie Deals. 
ties of the *. and: ATA thet- will 
Q+4rr BN: n; * eren {vin 


XVII. and XX, wherefor, F, TfL ER 
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5 b. Lady, let A; WA "be the nl 
Dama of the gun and "Moon 7 then 
R/ * 't NN v4 2 8 Y \ 

vil A3 5. 235 becauſe, any y a 
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pars, larger che bigger it ie, and leſh in 
LN en increafing Diſtance, 


1 R. 18 dane ee 
| therefore A: 4 27 n Ae del 
A. N. 4 u. eee 
| 1, K F 2 \ We! 4 * . 80 4 ; 
| | A f- WE er e ot Mt os 


| 709. Bur (according to Sir aue Mu 

Pet : 4-48$t5." See Ant. IX. 

28.) And R % 33" 2310 $607 ft 
= 2 Mean, by Obſervation.) That is is, Az: 


864 . Therefore N. & n _ | 
| 3 4 . = 
: FEY 15 10000: 4891 by 2 Ratio. 0 
the Sun and Pede 28 above ſhewn, . 4 50 


80. Tat Quantities of Matter being U. 
* R. N r' n, (Art, 78.) and N 

| ſpect to the Earth and Moon, NI 2 
39 39 : 48911; and R: 1 15 5 
| got, CXXXVI. 4.) therefore. Fs 
| 099 — 39539: 30* X 48911 ; : 32,31: 
505 12: 0013, as determined in Art. 94, 
8 81, THE Weight of Bodies on the gut- 
face of the Earth and Moon are in the cams 
0 pound Ratio of the Diameters and Denſities 
(Art, 76.) that is in the Ratio of 109 x 
: 39539 to 30 x'48911, or as 43t to'146, 

las er Art. 75.) or as 3 to 1 nearly, 
So 


= - +», 4 


oo wo 0 


„ 


„ 


2 N 


Aren 


82. H che: Npantidien-of: ane 
in the Earth and Moon; the Diſtance of 


the common Centre of Gravity is _— 
mined : For the Diſtande of the Moon from 
the Earth's Centre is to this Diſtance as. 
40,31 to 1 3 Which Ratio is more accurate 


than that of 41 to 1, — uſe of 3 in Aunor. 


XXXV1. Ar . 2. py" . NK 75 
83. THE 1 e been ex 
plaining is applicable to any Syſtem of three 
or more Bodies, as well as ac the San, the 
Earth, and Moon. Thus the perturbating 
Forces and Irregularities of Motion in the 
Syſtem of the Sun, Jupiter, and ef his 


Moons, may be eſtimated i nearly the - 
ame Manner, (mutatis mutandis } as -alſo - 
thoſe of the Sun, Saturn, and his Satellites; © 

ind laſtly, between-the Sun and primary 


P may by putting the Caſe more gene- 


ally, (as Sir auc does] in ſuppoſing both | 


Sand P to revolve about the -fixed central 
Body T, which we may ſuppole to be e 
dun, and 8 and P any two ef the Planets 
it pleaſure. Therefore, to ug the Author? 4 


own Words (in another Cuaſe) for Conclu-. 
ſion: Uſus igitur bujus Theorie lati Nm patet XZ : 


C lat? patendo, Veritatem 75 ee, 8 
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N the tilt. Edition of. this, Work a 
| . of. the. univerſal Compound Mi- 
croſcope was 10 ned, but through In- 
alyertency was left out; and, per that 

me 
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Plate I. 


Time having made conſiderable Improve 
ments, both in its Form and Uſe, I have 


Kind but what may be readily and ali 


 Avyertnvix II. 


ſupplied that Deficiericy in nt/o 
one of the moſt elegant Co jon 1 


can think of, and of the moſt extenſize 
Uſe ; there being no ſmall Object of 10 


viewed by it. It has all the Ae of 
Glaſſes, reflecting Speciils; adjuſting Screws, 
Se. in common with others. Beſides Which, 
the Conttivailce of 2 moveable” Stage for 
the Objects, and the Joint off the Te by 
Which it is placed, either in a perpetiditu« 
lar or horizontal Poſition, are Advantages 


Peculiar to this Conſtruction of à Miero- 


cope. The Deſeription of which will be 
eaſy to underſtand as follows: 
AB C is the Body of the Microſcope. 
A is the Mipnifier, of which there arc 
- Four of different Powers. 
B is the large Middle-Glaſs for * 
fying the Field of Vie wu. 
C is the Eye-Glaſs at the Top. 
D the Joint on which the Microſcope is 
_ moveable on a perpendicular, oblique ey 
or horizontal Poſition at pleafure. 
Ei is a Screw, and F the Socket by which 
it is taken off and put on as Occaſion oh 
requires. 24 
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GH is the moveable Stage on which 

Objects are placed to be viewed, and 
has a Motion about the Centre. 

K is the Screw in the Centre L, by 
which that Motion 1 ns e and 
regulated. 

MN are two Pieces of Braſs 00 
upon a ſquare Stem, to adjuſt the Stage 
with its Objects to a Proper ener 

from the Magnifier A. 

O is a Screw for n. the Piece I to 

the Ste. 

P the adjuſting Screw for moving the 
Part N up and down to its proper 
Situation. 

the Braſs Pillar on which the whole 
is ſupported. 

STV three ſtrong Feet, e as 2 
firm Baſis to the Microſcope. 

W a reflecting Mirror, moveable ver- 
tically in a Semicircle X, and dernen. 
tally in a Socket at L. 

THE Body of the Microſcope, the Stage, 
and the reflecting Mirror are taken off 
from the Stem, and the Legs folded to- 
gether, ſo as to be conveniently placed, and 
take up but little Room in a Shagreen 
Caſe, which is therefore of a portable Size. 


366 


ArraNDIS 4 H. 


Laure NO r 2971 H [£4575E (54544: 17 iÞ; And + 
D. en the Neu $01.48 nc ongoþr,, 

Oo mAh dag. 1 Tae $ $725 BY i/ 
"THE; Plate, f [OP Niche 


1 given in the firſt Agition. being im- 
perfect on two Ac ccounts, vi, That it 


exhibited: a View only af Part, of the; hn. 


ſtrument, and that of a very bad Con- 
flruction, I have thought ;3 proper; here to 
add the Figure of, this jexttaofdinary In- 
ſtrument, with all the Improvements) J 
have hitherto been able to make in it, 
which are as follow ß: 

FIRST, The Common Solari Microſcope 
was made of Wi/ſon's, fixed.-to à proper 
Apparatus: But as this Form admitted 
only one Magnifier in the. Inſtrument! at a 
Time, it is changed for another, in which 
all the Magnifiers are contained in a Slider; 
and ſo all the different Degrees of magni- 
fying an Object in a dark Room are imme- 
diately at Hand. 

SECONDLY, With Wilks s Part the Objet 
was moved towards the Glaſs with a Screw; 
in this the Glaſs is moved towards the Ob- 
ject by Teeth and Pinion, which is found 
to be much the better Way. | 

THIRDLY, In the old 'Form the whole 
Body of Wilfn's Microſcope was obliged 4 


id 


A'b p ENDI& IE 


te turned round ſeveral Times in getting a 
nue focal Diſtdnee, by which Means a 
Motion of the large confuſed Im 
tame ſo great as to be very F diſh a 
the Spectators, Which is Maire prevented 
in this new Form, where there is only 4 
Motion of the Ober barkvard and ferwerd 
n a right Liner. 47 

FouxrRHLV, Thbſe' Which were ach in 
Wood had the Looking-Glaſy move 'by 
Wheel and Pulley, with Cat-gut Strings 
trained tight upon them. But this Me- 
chaniſm being often at Fault, and giving 
Gentlemen a great deal of Trouble, L have 
ſubſtituted in this new Form a Wheel and 
Pinion with Teeth, as well in thoſe made 
of Wood as Braſs, by which the Motion 
of the Glaſs is rendered N conſtant, 
certain, and eaſy. | 

FiFTHLY, The Looking-Glaſs 3 in the old 
form 1s raiſed and Jepreiſed by a liding 
Wire; but in this new one, whether in 
Braſs or Wood, .the ſaid Glaſs is moved 
by a Screw, and therefore will always 
ſtand in the Poſition it is ſet, and give no 
Trouble in the Experiment. - 

SIXTHLY, The illuminating Glaſs was 
frewed on the Outſide of the Frame of 
this Inſtrument; but in this new Con- 
ſtruction 
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ſtruction it is placed within the End 0 
the large Tube, which. is much Tore con- 
venient. | 
Uro the Whole, the 17 Confrudin 
of the Solar. Microſcepe rendered it 3 
: heavy, clumſey, and ill-contrived Inftry- 
ment; whereas every one who has ſeen 
the Form which I have here given in the 
Plate allow it to be the moſt neat and eaſy, 
light and uſeful that can be. contrived. 

The ſeveral Parts of which are as follow : 
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Plate II. AB CD is the Square Plate ſcrewed on 
to the Window-Shutter. 

EF is the Looking-Glaſs on the Out- 
ſide, | 

G is the Pinion, which, by an End-lels 
Screw on the other Side the Plate, 
moves the reflecting Glaſs up and 
down. 

L is the Pinion by which the Wheel 
contained under the Piece 

MN is moved, and by which the Look- 
ing-Glaſs EF has a circular Motion 
given it. 

OP is the Tube containing the Illumi- 
nating Glaſs at O, and a Drawer at I, 
by which a due Quantity of Light 
thrown upon the Object. 


Ar PBENDIxX Us 


QRis à Parr ſubſtituted inſtead of Mit. 


ſon's Microſcope; the Inner Part of 


which is fixed, and the outer Part 


moveable for the adjuſting a due fo- 
cal eren of 5. INS from the 
Glaſs. , 4 i4 8 


R is the- Part confifing of three! Brafd 


Plates; in which the Sliders and Tubes 
containing the Objects are placed, as 
in Wilſon's Microſcope, and kept to- 
gether by à ſpiral Spring Wire within. 

8 is the Braſs Slider containing the ſeve- 
tal magnifying Glaſſes; hich may be 
ſucceſſively applied to the Object by 
which it may be iſiſtantiy magnified to 
any Degree at Pleaſure: 

T is the Pinion by Which the" external 
part QV is moveable backward and 
forward, for procuring à true focal Diſ- 
tance, and conſequently the Image of 
the Object with he vm br, and 
Exactneſs. 175 


Hl. Of a New REFPLECTIxG Trrkscorx. 


H has. long obſerved the — Per- 


fection and Uſefulneſs of RefleQing 


Teleſcopes above RefraQors, ariſing from 
meir Nature and Conſtruction, L. have been 


vol. III. B b more 


Plate IV, 
Fig. 1. 
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more ſolicitous to cultivate and improve that 
Inſtrument than any other; eſpecially when 
J faw much Room left for that Purpoſe, 
The Reflecting Teleſcope, as uſually made, 
has not half the Uſes it is capable of; for 


when it is well conſidered, it will be found 


to anſwer' the Purpoſes, not of a TRLI- 
SCOPE only for viewing diſtant Bodies, but 
likewiſe it is the moſt compleat MEOGALA- 
SCOPE, or Inſtrument for ſhewing all Ob- 
jects at a very near Diſtance, and all the 
larger Sort of ſmall Objects in the greateſt 
Perfection. In the third Place it gives the 
moſt perfect View of any ſmall Object, 
opake or tranſparent; and therefore. is a 
M1cRoscoee of the very beſt Kind, as 
far * exceeding common Refracting Micro- 
ſcopes, as Viſion by reflected Light is more 
exquiſite and perfect than that by Refrac- 
tion. Indeed there are two different Ways 
by which the Reflecting Teleſcope may be 
uſed as a Microſcope, each of which has 
its peculiar Advantage. 
laft Place, this Inſtrument is a SOLAR Mi- 
CROSCOPE, by being ſcrewed into the Plate 
ABCD of that Inſtrument above de- 
fcribed. In all theſe ſeveral Ways I have 
uſed this Inſtrument with great Succeſs, and 
Pleaſure. I have, for theſe Purpoſes, con- 


trived 


4 


In the fourth and. 


wille 


ArrEMDIx II. 

ird it in a different Form from that i in 
ich they are uſually made, and by which 
WH Means they are eaſily applicable to the fore- 
bing Purpoſes; and even thoſe that will 
— Jupiters Moons are hereby rendered 
portable, or adapted to the Pocket, 

THESE Pocket RefleQing Teleſcopes have 
. Drawer, in the End of which the ſmall 
"MW peculum is fixed, and adjuſted by Teeth 
ind Pinion, They ate equally applicable 
to uſe at Sea as at Land; and, notwith- 
landing many People have been perſuaded, 
that Refracting Teleſcopes are moſt uſe- 
ful at Sea, the Abſurdity of this Notion 


iders what we have in the foregoing Lec- 
ure ſufficiently demonſtrated, viz. That 


nltly leſs in a Reflecting Teleſcope than 
in a Refractor; and this upon the Suppo= 
tion that the Quantity of Light and mag- 


wnclude, I am thoroughly ſatisfied that if 


te made ready at the Uſe of it, they who 


d {Would afford to purchaſe it, would never 
„ lire any other. But though the practi- 
4 al Application be very eaſy, yet as it is 

B b 2 new 


will evidently appear to any one who con- 


the natural Cauſe of indiſtint Viſion is 


ufying Power are the ſame in both. To 


the Nature of this Inſtrument was well con- 
idered and underſtood, and People could 
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Degree of Dexterity, I have no great Ex- 


but have declined that alſo for the Reaſons 


the ſagacious Aſtronomers Occaſion to con- 
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new and unuſual, and requires ſome ſmall 


pectation of its being, ſoon made public or 
brought into common Uſe, when I find 
by Experience, how eaſy, cheap, and com- 
mon every Thing muſt be for that Pur- 
poſe, and how few there are to encourage 
any Thing of a different Kind in the pre- 
ſent Age. I had thoughts of illuſtrating 
the particular Uſes of this general — 
tric Inſtrument; as likewiſe to ſhew how a 
Reflecting Tele eſcope, a Refletting Microſcope, 
and a. Reflecting Solar Microſcope, by me- 
talline Speculums of a different Form. and 
Poſition, and of a more perfect Nature, 
might be conſtructed and applied to Uſe, 


above mentioned. 


IV. The Theory of a Ntw M1CROMETER, 


S the Perfection of Aſtronomy de- 
pends upon the moſt accurate Mo- 
thods for meaſuring the Diameters of -the 
celeſtial Bodies by Means of thoſe Inſtru- 
ments we call MickxoMETERSs, applied in 
Teleſcopes for that Purpoſe, it has ' given 


$ =. trire 
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tire them in many different Forms; but 
all of them, till very lately, were applied in 
the Focus of the Object-Glaſs, to meaſure 
the Images of the heavenly Bodies formed 
there, and they may be juſtly reckoned among 
the moſt exquiſite Inventions of modern Me- 
chanics. of 

Bur as the Diameter of the Sun and 
Moon are fo much larger than the Planets, 
the Micrometer which ſerves for one, could 
not be ſo well adapted to meaſure the other ; 
which put ſome Philoſophers upon - 
ing of a Method by which they might mea- 
ſure the apparent Diameter of the Sun, with- 
out being obliged to take the Whole of the 
Sun's Diſk into the Teleſcope; and this they 
at Length ingeniouſly contrived by forming 
a Teleſcope* in ſuch a Manner as to make 
two Images of the Sun in the Focus of the 
Teleſcope at the ſame Time, and bringing 
them into Contact with each other. And 
this Inſtrument they properly call a HEL10+ 
METER, 

TE firſt Inſtrument of this Kind is of 
a late Date, and was the Contrivance of 
the late celebrated Servington Savary, Eſqz 
of Exeter, who, in the Year 1743, in a 
Letter to Mr. George Graham, dated Novem- 
fer 3oth, gives an Account of a new Way 

B b 3 of 
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of meaſuring the Difference between the 
apparent Diameter of the Sun at the Time 
when the Earth is neareſt to and fartheſt 
from the Sun, with a Micrometer placed 
in the Teleſcope invented for that Pur- 
poſe. Though the Charge, or magnifying 


Power of the Teleſcope is fo great, that the 


Whole Sun's Diameter does not appear 
therein at one View.—* This, ſays Mr. 
% Savory, I doubt not, will at firſt Sight 
« ſeem impoſſible, fince only a Part of the 
& Diameter appears, and no viſible Mark 
© or Point therein from which ſuch Mea- 


cc ſure can be taken. And, indeed, it is 


“ fo by Obſervation with our common Te- 
“ leſcopes, whether refracting or reflecting 
« ones. I have therefore contrived ſome 
« Dioptric Teleſcopes, and a reflecting one; 
e either of which, by repreſenting the Ob- 
e jet double, will, if well made, anſwer 
© the Deſign.” 

AFTER this he proceeds to ſhew at large, 
by cutting of a large Object-Lens into four 
Parts or Segments, and combining the two 
outer ones together, or the two Middle 
ones inverted, how he could form this 
double Image of the Sun; but as thaſe 
Images were not well defined and free from 
Colours, he proceeded to a third Method 
of forming thoſe Images by Means of two 

Objek- 
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0bjeft-Lenſes entire, but of fmall Diame- 
ter; but in this Cafe the Difficulty lay in 


getting Object-Glaſſes exactly centered, and 


of the ſame focal Lag in ſo ſmall a 
ue... 

HE then had Necourſe to refleing Mir- 
rors, cut them aſunder, and combined their 
Fruſtums to anſwer the ſame Purpoſe. How- 
ever, all his Attempts of this Kind left the 
Inſtrument but imperfect; and after this 
we find the ſame Thing attempted that 
M. Bouguer read before the Royal Aca- 
demy of Sciences at Paris, in the Year 
1748, a Memoir, in which he deſcribes an 
Heliometer with two ObjeQ-Glaſſes for 
meaſuring the Diameter of the Sun and 
Planets. It is probable this was taken from 
Mr. Savory's Experiments ſome Years be- 
fore, but of this we have no particular Ace- 
count. 

HowE VER, it was ſoon conſidered, that 
an Object-Glaſs divided into two Segments 
through the Centre or Pole, would more 
conveniently anſwer the Purpoſe in thoſe 
two Parts, than could be done by two whole 
Glaſſes ; Foraſmuch as each Segment would 
form an equal Image of the Sun, and at 
an equal Diſtance from the End of the 
Teleſcope 3 or in other Words, the focal 

Bb 4 Diſtance 
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Diſtance of each Segment would be exaQty 
the ſame, and the Images of the Sun and 
Planets formed exactly in the ſame Plane 
in the Focus of the Teleſcope. . bs 

Ap ſince: the Centres of he Sun, each 
Segment of the Glaſs, and its Image are all 
found in one- Right Line, therefore if one 
Segment .of the Glaſs be fixed in the End 
of the. Teleſcope, the Image formed in it 
will alſo be fixed, or remain -conſtantly in 
the ſame Part of the Focus; and if the other 
Segment be moved in the ſame Plane oyer 
it, as its Centre ar Middle Point is re- 
moved from that of the fixed Segment, ſo 
likewiſe is the Centre of the moveable Image 
equally removed from the Centre of the 
fixed one; or the Centres of the two Images 
will always be equidiſtant with the Centres WM thr 
of the two Object-Glaſſes, and conſequently Ml (1 
the Diameter of the Sun or Planet (being | 
equal to its two Semidiameters) muſt be 
equal to the Diſtance between the two to 
Centres of the Segments, when thoſe two f 
Images are in Contact or touch each other hea 
in the Focus of the Teleſcope. And this is 
the whole Ground or Reaſon of the new 
Micrometer, which will be beſt illuſtrated 
by Figures, as it is applied to the Refrad- ; 
ing or Refleing Teleſcope, as follows 1 
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Ir ABCD repreſent any very:diffant puce m. 
Object, as the Sun, Sc. and A B its Dia- Fig; 1. 


meter; alſo let E FG 8 repreſent the Ob- 


jet-Glaſs conſiſting of two Segments EFG 


and ES G divided through the Centre N 
in the Right Line E G. The Angle under 
which it appears at the End of the Tele- 
ſcope will be ANB equal to the Angle 
KNL, under which the Image K L is 
contained. 
Segment E F G were by a mechanical Con- 
trivance drawn off to the Poſition H I, the 
Diſtance of their Centres' would be NO; 
and the two Lines AN and BO paſſing 
through the Centres N, O, of the Seg- 
_—_ if produced, meet at the Focus in 

L; and ſince BL and BK do alfo paſs 
through the Centres N and O, and the 
Object being at an indefinitely great Diſ- 
tance, the Line O L will be parallel to N K, 
and conſequently the Angle N L O is equal 
to the Angle K NL or AN B, that is to 
lay, the Angle under which. the Object ap- 
pears from the End of the Teleſcope (or to 
the naked Eye) is equal to the Angle under 
which the D ifance between the two Centres 
if the Segments appear from ne Solar Focus, 
of the Tele eſcope. | 


AND 


Now, ſuppoſe the moveable 
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greater Diſtance from the Glaſs; ſuppoſe at 
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AND this will be the Caſe in every Diſ⸗- 
tance of an Object; for ſuppoſing the Ob- 
jet AB were at ſome near Diſtance from 
the Teleſcope, and ſubtended the - ſame 
Angle ANB, the only Conſequence would 
be, that its Image would be formed at 2 


MP, it would ſtill be contained under the 
ſame Angle MNP, equal to NLO, as be- 
fore, upon the Suppoſition that the Segment 
HI and BO produced meets A in the 
Point P, that is to ſay, ſuppoſe that the 
Segment H 1 is in ſuch Poſition that the 
moveable Image QR, formed by it, exaQly 
coincides with the fixed Image M P, formed 
by the Segment ES G. 
THis likewiſe * be otherwiſe ſhewn 

7 =. (See Annotat, 

CXXV. Art, 27.) os putting AN d, 
NP=—f, and NLS r, or Focus of pa- 
rallel Rays, we have dr = f d—fr ; and 
thereby d : : d-: r. Conſequently 
d+f: fi: d: 1; that is, AQ: N: 
AN: NL; and by fimilar Triangles A 
QB, N QO, we have AQ:QN :: AB: 
NO; therefore AN: NL:: AB: NO. 
Whence the Triangles A NB and N L Q 


are ſimilar, and the Angle at N under 
which 


from em 
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which the Ohject appears is equal to that 
at L, under which the Diſtance N O of the 
Centres appears. Q, E. D. | 
CONCERNING this Vitreous Micrometer 
we may farther obſerve that its great Ex- 
cellency conſiſts in this, that it depends 
ſolely in meaſuring the Diſtance of the 
Centres of the two Segments, not only 
when applied alone at the End of a Tele- 
ſcope, but even in Conjunction with the Ob- 
jet-Glaſs of any common Teleſcope; for, 
in Figure (2), let E G and H I repreſent the 
two Segments, as before, of a Glaſs whoſe 
focal Diſtance is very long, ſuppoſe, for In- 


7 


from it let A B repreſent the QbjeQ-Glaſs 
of a common long Teleſcope, whoſe focal 
Diſtance of parallel Rays is Cd, or its Fo- 
cus of very diſtant Objects 4c. Then this 
Glaſs, combined with the foregoing Seg- 


the common Focus of both will be in Point 
. Then becauſe the Triangles RO Q and 
PNM are ſimilar to the Triangles 204 
and N m reſpectively, therefore the Images 
RQ and PM will be ſimilar, and alike 
polited to the two ſmall Images rg and 
þq; and therefore when theſe two Images 
ae in Contact in the Focus of the Semi- 
3 C 
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Plate III. 
Fig. 2. 


ſtance, 50 Feet, then at a ſmall Diſtance 


ments, will have its Focus ſhortened, and 
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Lenſes they will likewiſe be in a 
in the ſhortened compound Focus. And x 
the Centres N and O of the two Semi- 
Lenſes G E and I H are ſeparated farther 
from, or brought nearer to each other, the 
Images in either Focus will be moved in 
ſimilar Manner; and when the Centres N 
and O coincide, the Images in each Focus 
reſpectively will alſo coincide, or become 
one entire Image, the Difference in every 
Caſe being only as to large and ſmall, greater 
or leſſer Diſtance. ' Conſequently in the 
Micrometer by which thoſe two Semi- 
Lenſes are moved by each other, the ſame 
Turns of the Screw which meaſures the 
Angle OP N, and which brings the Images 
into an exact Contact in the ſingle Focus 


at Q, will be neceſſary for the ſame Pur- f 


poſe in the compound Focus alſo ; fo that 
by this Means we have an Opportunity 
of meaſuring the ſaid Angle OP Q, with- 
out being obliged to have fo great and 
ſo unmanageable a Length of the Tele: 


| ſcope. 


HoweveR, the larger the focal Diſtance 
of the Lens A B is, the more diſtinct the 
Contact of the Images will appear; and 
becauſe this is the Point on which the 


whole Perfection of this Micrometer de- 
| pends, 
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ends, it will be. likewiſe neeeſſary to have 
it ſo contrived, when applied to a Teleſcope, 
that the Centres NO may be equally diſtant 
from the Axis of the Teleſcope or Centre 
of the Apperture on either Side; becauſe in 
this Caſe the Point of Contact in the two 
Images will be juſt in the Centre of the Fo- 


poſſibly can be. | 
BuT the Application of this Ame 


convenient than when it is applied to a 


on the open End of the Reflecting Tele- 
ſcope, as in Fig. 3, then will the Rays that 
tend to form the larger Images RQ and 


pound Focus, where the ſimilar Images r g 
and pm will be formed as before; the Rays 
proceeding from theſe two Images to the 
ſmaller Speculum a b, will be reflected back 


the Images R and PM, which likewiſe 
will ſtill be in Contact in the Focus of the 
kye-Glaſs D C, where it will be diſtinctly 


will likewiſe be ſhewn in the Middle of 
ne Focus of the Eye-Glaſs, if the Centres 


cus, and therefore the moſt diſtinct that it 


ter to Refracting ' Teleſcopes will be leſs 


Refleting Teleſcope; for if it be placed 


M be incident upon the larger Speculum 
AB, and from thence reflected to a com- 


through the Hole of the larger, to form 


perceived by the Eye at I. This Contact 


O and 
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Axis, is equa 
and equally convex: Lens. But this is too 
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O and N are eee a8 befor 
mentioned. 5 

F Ron what 15 bees Kid: the oe 
Rationale of this Micrometer will, I pre- 
ſume, evidently appear; but one Thing 
muſt not paſs unregarded in ant Affair of 
ſuch Moment and Conſequence as the thee 
ſuring theſe ſmall Angles in the Science of 
Aſtronomy, which has been cuſtomary to 
ſuppoſe, that ſo far the Focus of a Lens, 
or the focal Diftance of Rays parallel to its 
to the Radius in a double 


great an Error not to be noticed here; for 
in different Sorts of Glaſs there is found a 
different refractive Power, and the Focus 
of parallel Rays is at a different Diſtance 
in each; but this Diſtance in no Sort of 
Glaſs is equal to the Radius, but falls ſhort 
of it more or leſs. Now the -foregoing 
Demonſtration regards the Radius, and not 
the focal Diſtance of parallel Rays, But 
this Affair will be beſt illuſtrated by Ex- 
ample as follows: 

LET the Sine of Incidence be to the Sine 
of Refraction out of Air into Claſs as #t 
Mm — 1 

n 


preſs the refractive Power of the Glas; 
| and 


ton; and let S a, then will à ex- 


26 5 200weds IL. 333 
and the Theorem for a double and equally 


convex Lens will be — . which 
3 2430) aad—r * Ae 


ca 


| 

einher i 22 Atelier | | 

for parallel Rays, becomes — = 7 whence | 
24 2 | 


r=2af; or: In 1: 23. | 

THEREFORE to repreſent this Matter in | 
its proper Light, we will ſtate the Propor- | | 
tions of Page 378 from this correct Theo- | 
rem, and they will ſtand thus, 4: f: XN | 
20-7: r; andd+f:f::2ad:r; that is, 
AQ: Nu :: 24 K AN: NL:: AB: 
NO: Hence NO: ABA: 2 fe d. | 
Or, the Diſtance. of the Centers N O has the x 
fame Ratio to A B, the Length of the Objett, - 
& the focal Diftance of parallel Rays has to 
the Diſtance A N, or as the Radius has to the 
fad Diſtance multiplied by 2 a, Whence tis 
endent we cannot uſe the Radius without con- 
idering the Refraction of the Glaſs; but the 
fical Diſtance of parallel Rays ſerves equally 
for all Sorts of Lenſes, is moſt eaſily found, 
nd therefore fitteſt for the Analogy, as be- 
fore determined, in meaſuring Angles and 
Diſtances. | 

Wirn regard to the Planets, as Jupiter 
s the largeſt of mw and ſubtends an Angle 
o the Eye of 3! 12”, the Diameter of his 
Image in the Focus of a 50 Foot Glaſs will 

be 
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be about half an Inch, and that wil be the 
utmoſt Diſtance to which the Centres of the 
Segments will be required to be ſeparated for 
4 meaſuring the apparent Diameters of the 
Planets. 

Bur for a HELIOMETRR; the 8 
of the Sun being near ten times as great 
as that of Jupiter, will require the Centres 
of the Segments in 4 Glaſs of 40 or 50 
Feet Focus to be removed from each other 
at leaſt to the Diſtance of 4 or 5 Inches; 
and to take in the whole Syſtem of Jupi- 
ter's Moons, the Diſtance of the Centres 
will be required much larger; and there= [ 
fore for ſuch Purpoſes the Segments of 
Glaſſes of a leſs focal Length muſt be WI -/ 
uſed; Ray 

As this Micrometer has. many Advan: ine 
tages above that which is in common Uſe, WI 547! 
ſo on the other hand it is liable to ſome WI que 
Objections; for ſince the Images of Ob- tic 
jects can never be well defined but in the Wi ver! 
very large focal Diſtances, and ſince thoſe WM it 
Glaſſes are not made true without great Wl dure 
Care and Difficulty, they will come dear, © 
and then we muſt run the Riſque of ſpoil- une 
ing them in cutting them aſunder; for if int 
they are not cut nicely through the Centre er 


it will derogate from the Value and Good-W te 
nels conf 
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neſs of the Inſtrument. " Alfo*%fince”at the 
ame Time a very great magnifying Power 
3s required in the Inftrument to which it 
is applied, it can be applicable for Aſtro- 


nomical Purpoſes in only Reflecting Tele- 
ſcopes, becauſe of the Conveniency of adapt- 
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moving it at the fame time you are obſerv- 
ing the Object through it. 


V. Concerning the Improvement of Refrading 
MrcRoscopES and TELESCOPES by a 


Compoſition of Glaſſes. 


T has been already ſhewn in Annotation 
CXXVIII. Art. 18. that the Errors 


11 r 


Rays of Light will be as the Cubes of the 
lneal Aperture of the Glaſs direttly, and the 
Squares of its Diſtance inverſely ; and conſe- 
quently in Glaſſes of the fame Aperture 
the Indiſtinctneſs of Viſion will be in- 
rerſely as their focal Diſtances; wherefore 
if, while the magnifying Power and Aper- 
ture of the Lens continue the ſame, we 
can increaſe this Ratio of the focal. Diſ- 
tance to the faid lineal Aperture, we ſhall 
in that Proportion increaſe the Diſtinctneſs 
of Viſion, which is the very Point in which 
the Perfection of Microſcopes and Teleſcopes 
conſiſt, 


Vol. III. Ge | To 


ing it to the Tube of the Teleſeope, and 


arifng from the different Refrangibility of tbe 
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To illuſtrate this, let AE DG be a 


Lens, F the Focus of parallel Rays, f the 
Place of an Object OB, through the Point 
F draw a Line to interſect the Object in 


the Point B, and falling upon the Lens in 
the Point A. This Ray will be refraced 
into AM, parallel to the Axis of the Lens 


FCO; from f draw the Line FA, which! 


by the Lens will be refracted to its reſpec- 
tive Focus V; then will LV repreſent the 
Image of Part of the Object Bf; let MN 
be an Eye-Glaſs by which that Image is 
to be viewed, which therefore muſt be 
placed at its focal Diſtance PV; from it 
draw PL, and parallel thereto draw MO, 
then will the Angle MOP be the viſual 
Angle under which the Image LV mill 
appear in the Eye at O. 


WE are now to*ſhow how this Image | 


may be viewed with more DiſtinQnels, 
and under the ſame Angle and Aperture 
as before; and this is effected by fſubſti- 
tuting two Glaſſes HI and US inſtead of 
the ſingle Glaſs MN; for by this Means 


we ſhall make the ſame Angle by two Re- 


fractions which before was made by one, 
and that will produce the deſired Effect; 
for let the Glaſs HI be placed at its focal 
Diſtance IP from the Centre of the firli 


Glaſs MIN, then will the Ray AH (which 
before 
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before proceeded to M) be now refraed 
into HP, and the Ray AV will at K be 
refracted into K Z; draw the Line IL and 
it will interſect the Ray HP in X, and XZ 
will be the Image of the Object Bf. All 
this we have demonſtrated in th Optical 
Lecture. 

Lr this Image be viewed by the Eye- 
Glaſs U S, ' whoſe focal Diſtance T Z or 
TP may be ſuch that the Ray HP may be 
now a ſecond” Time refracted at V into 
UQ; parallel to MO or LP draw TX, 
which will alſo be parallel to U, then 
will the Image Z. X, or rather the Part of 
the Object Bf, be ſeen under the Angle 
TQU equal to MO, as at firſt. 

Now it is evident, that were the Glaſs 
US alone by itſelf, the Indiſtinctneſs of 
Viſion would be inverſely as T Q, for that 
would then be the focal Diſtance of the 
Claſs; but now this Glaſs T U, in Com- 
pltion with the other Lens HI, ſhews 
the fame Image under the ſame Angle and 
Aperture with the focal Diſtance TP; the 
InditinAneſs of Viſion therefore now will 
be inverſely as TP, or in other Words, 
the Diſtinctneſs of Viſion in the firſt Caſe 
by a ſingle Glaſs will be to the Dictinct- 
neſs of the Glaſſes in Compoſition as T Q_ 


o TP, or the Image will appear ſo much 
Ce 2 diſtincter 
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diſtincter by the two Glaſſes H T and US 
together, than it would do by the ſingle 
Eye-Glaſs MN alone, in Proportion as 
FP is greater than TQ; all which is evi- 
dent from the foregoing Principles of Optics. 

W1TH reſpect to the Lens AED, if it 
be a ſmail one,. and the focal Diſtance 
CF be ſhort, then will it repreſent the 
Object-Glaſs of a Microſcope, and the ſmall 
Object OB will be viewed to much greater 
Advantage by Means of the two Eye- 


Glaſſes H and US, than by a ſingle Eye- 
Glaſs alone MN. Whence the Reaſon is 
evident of the | uſual Conſtruction of this : 


Inſtrument, as we have before ſhewn. 


Bur if AED G be the ObjeQ-Glaſs of 
a Teleſcope, and FC its Focus, then will 
OB repreſent a diſtant Object, whoſe 
Image WL is that which is viewed by a 
ſingle Eye-Glaſs MN in what is called the 
Aſtronomical Teleſcope ; but this Image is 
more diſtinctly viewed by two Glaſſes I and 
T, than by one alone; and therefore ſuch i 
a Teleſcope ſhould confiſt at leaſt of three 


Glaſſes. 


In the common Teleſcope the Image 
LW is conſidered as an Object, and ano- 
ther Image is formed of it, as was ſhewn 
in Figure 8, of Plate XLVIII, and as we 


have now ſhewn that each Image requires 
| the 


Pr 
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the Addition of a Lens to ſhew it more 
diſtinctly, inſtead of the three Eye-Glaſles 
which you there ſee repreſented in a com- 
mon Teleſcope, there ought to be the Ad- 
dition of two more, or five in all, next the 
Eye, to ſhew the Object to the beſt Ad- 
vantage. Thele, together with the Ob- 


jet-Glaſs, make ſix Glaſſes in all, in Tele- 


ſcopes of the beſt Sort. 

Ir ACD repreſent the ſmall Speculum 
of a Reflecting Teleſcope, then will OB 
be the Image formed by the large Specu- 
lum before it, and I, T, will be the. two 


Glaſſes contained in the Eye-Piece of a 


Reflecting Teleſcope. And, indeed, with 
a little Reflection it will appear, that if 
two Glaſles, by breaking the Refraction 
into two Parts, is an Advantage, three 
Glaſſes will be more ſo, and therefore in 
ſome Caſes might be ſucceſsfully applied. 


ALso ſince the Diſtinctneſs of Viſion is 
by a Compoſition of Glaſſes promoted, 
the Aperture of the Glaſs next the Eye may 
be ſomewhat encreaſed, and conſequently 
the Field of View thereby enlarged, which 
is the great Advantage of the Six-Glaſs 
Teleſcope. 

We ſhall now give the analytical Inveſti- 
ration of the focal Diſtance of the three 
Glaſſes; in order to which, 


Ge 3 Let 
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Let Ta IP, the focal Diſtance of * the 
4 £9 Glaſs HII 1010) 582 19 
it wy = TP, "tlie" ig Diftinee 0 of the 
% n is n 
i „ PO. Bp foal we of the 
- Lens M, 1 
And e the Image W. L is 10 be con- 
ſidered as an Object with regard to the Glaſs 
III, therefore put IV = d, and IZ 


and ve 1 have Fd 
Fd 


ſhewn in Annet. CXXV,) and from hence 
we get ot wy £8 A | 

Bur becauſe the ſimilar Triangles ZN. 
IVI, and IT X, IPL, we have /: d:: 
er:: ERCVL 2: II 32 4008 
IP::#+y:d4+ x; conſequently F: d:: 
ü *. Therefore 4 IX — 1.5. * f 


bi F=f, 


— —_ =D—y (by pub | 


=}, (as we have 


we get-f= 
ting D Fry = II.) Whence laſtly, x = | 

F y 1 F. x - xD. pa. c 
FT y— D, F— «3 x1" 


is 
Ru 
r 
* 
** 
ry 
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By theſe Theorems we ſolve any Problem 
relating to the Compoſition of Glaſſes for 
any given Power of Magnifying ; for In- 


tance, ſuppoſe the focal Diſtance, x of the 


Lens MN, were 1; Inch, and that of the 
large Glaſs HI, wiz. F = 3, to find the 


focal Diſtance y of the Lens US, that is 


to be combined with it at the Diſtance D 
= 2 Inches, that ſhall magnify juſt as much 
as the ſingle Lens MN. We have the 
Anſwer by the ſecond Theorem, where 
* 2155; F = 3, and D=2; hence y = 
F 
n 1,5 
focal Diſtance of the Lens US muſt be 
one Inch. If D = 1, then y = 2; and if 


D=o, then Y = 3. 


VI. Of the latter Improvement of REFRACT= 
ING and REFLECTING TELESCOPES. 


ESIDES the laſt mentioned Conſtruc- 
tion of Teleſcopes, which is to be 
looked upon only as a Correction of di- 
optric Inſtruments, there is of late another 
Improvement ſtill greater, which tends not 
only to leſſen the Abberation of Rays in 
retracted Light, but even to prevent any 
enſible Effects ariſing therefrom ; and this 
Cc4 | is 
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Plate IV. 
Fig, 3. 
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is dane by Meads: —— treble Oy 
jett-Glaſe in all thoſe-Inſtroments where an 
Object is viewed by Means of its 
formed by refracted Light. The Conſſrus- 
tion of a Teleſcope for this Purpoſe with 
twa Obje-Glafſes in Fig: 3, where A BOD 


is a Plane Concave Lens of what is called 


white Flint Glaſs; and ODE a Double Con- 
vex Lens of green or Crown Glaſa; by 
Means of the different refractive Power of 
theſe two Sorts of Glaſs and their unequal 


: Figures, it comes to paſs that, all the Rays 


of Light incident upon thoſe Glaſſes from 
diſtant ' radiant Objects, will paſs-through 
them in ſuch a Manner, that whatever Ab- 


beration is occaſioned 7 in the heterogenen 


Rays in Refraction through the firſt, Glaſs 


is ſo far corrected by the ſecond, that thoſe 
Rays emerge from it nearly parallel among 
themſelves, and are converged ta one Focus 
(F) forming an Image I'M, not ſenſibly com- 
pounded or coloured, and therefore more 
perfect and diſtin when viewed by the Bye» 
Glaſſes. than that can be which is made by 
a ſingle Object-Glaſs. 7 
Now, if thoſe two Glaſſes + abſo- 
lutely prevent the Abberation of 1 or 
produce an Image entirely free from. Con- 
fuſon and Gu then only three, Eye- 
_ Glaſſes 


ef 


© . - 5 
* 


Ar th 


Glaſſes would 3 it, vin. 
E, G, H; for ſince, according to common 
Optics, the Lens H cotrecta the Errors 
viing from Refraction in the Lens E; 
and therefore if the Image I M be perfect, 
the ſecond Image K L.will be ſo likewiſe, 
and therefore may be viewed diſtinct and 
without Colours by the een pte or 
Lens G6. ; 

BuT we _ "AY in the Confirudiion 
of thoſe Teleſcopes five Eye-Glaſſer, as they 
are uſually thought to be; though if you 
examine them, the Poſition of the firſt will 
be found within» the focal Diſtance of the 
Compound Object-Glaſs, and therefore co- 
operates with it; in forming the Image of 
external Objects; which Image, therefore, 
cannot be fo purely. achromatre as it would 
be if jt were Ons by the Double . 
Glaſs alone. 

Nor only ſo, but the. focal Na 
that achromatic Object-Glaſs is by Means of 
this Lens ſomewhat ſhortened, and the mag- 
nifying Power of the Teleſcope thereby di- 
miniſhed, I can ſee no Reaſon for the Poſi- 
lion of this Lens within the ſaid Focus of 
the Object-Glaſs, ſince, if all the five Eye- 
Claſſes were placed without it, the ſame ex- 
ſenſive and more perfect Field of View would 

be 
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in this Matter, I ſhall vefer the Reader to my 


. 
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be obtained. and at the He thine the TH; 
ſcope would magnify moe, and be truly 


achromatio; which now, ſtrictly ſpeaking, it 
really cannot be. But for more Satisfaction 


New ELEMENTS l en 
in Siu PAH „ % e fr e ing 
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VII. The Nature 1 Visdb Al. GLAssxs * 
© plained; und eb. to bt an ag 
OY Common Spectacles. aim 


994 

N the firſt Edition of this Treas | had 

no Occafion to make Uſe of Spectacles, 
and therefore did not ſo thoroughly 'confi- 
der their Nature, Form, and Uſe as ſince 
that I have done. It appears to me very 
wonderful, that an Inſtrument of the moſt 
common and neceſſary Uſe, | ſhould have 
continued ſo long of a Form or Make quite 
contrary to that which the Theory of Op- 
ties and the Nature of Viſion require, and 
yet paſs unobſerved by thoſe who uſe them, 
and uncenſured by thoſe who have wrote 
on this Subject; eſpecially if it be conſi- 


dered that the erroneous Conſtruction is in 
itſelf moſt obvious, and in its Effects very 
prejudicial to the Sight. 


| Taz 
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THE Fault of the common Spectacles 
conſiſts in two Particulars, vi. Iſt, The 
Iargeneſs of the Aperture or Diameter af 
me Glaſſes; 'andz Ely; itheir oblique Poſi- 
tion to the Axis of the Eye; both which 
muſt in Time have a very ſenſible Effect 
upon the Texture of that curious and de- 
licate Organ of Sight, the Exx. But the 
Harm we receive being not immediately ſen- 
ſible, is not, conſidered by common People, 
and therefore not regarded; and when at 
Length they find their Eyes weakened and 
impaired, they reckon it as the natural Con- 
ſequence of Age, without being apprized 
how far their Olaſſes have contributed to pro- 
duce that Effec. 

THAT the Area of the Glaſſes i in common 
õpectacles is viſibly larger than is neceſſary, 
no Body will diſpute, when they conſider 
how ſmall the Pupil of the Eye is when 
compared therewith ;j and that no more 
Light can be uſeful than that which enters 
the Pupil. Suppoſe, for Inſtance, the Pu- 
pil of the Eye were Part of an Inch 
in Diameter (Which is larger than any 1 
have yet obſerved) and that the Glaſs be one 
Inch and a half in Diameter, then will the 
Area of the Glaſs be to that of the Pupil 
as 225 to 4, which is more than 50 to 1; 

4 1-0 


fo that there is at leaſt 50 times more Lipht 


would there be a ſufficient Field of View. 


Compages of the Eye (exceeding that of | 
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upon the Eye om is LEY for the Pur- 
poſes of Viſion. - 


-Tr the Apettns of the Glaſs -were no 
longer than that of the Pupil, though it 
would make the Object appear more diſ- 
tinct, there might not in all Caſes be Light 
enough to ſhew it ſo plainly as might be 
deſired; neither, as the Glaſſes are placed 
at a conſiderable Diſtance from the Eye, 


It is neceſſary therefore, that the Aperture 
of the Glaſſes ſhould be larger than that 
of the Pupil; and it is well known by Ex- 
perience, that if the Aperture of the Glaſſes 
be 5 of an Inch, it will anſwer all Purpoſes 
of reading, working, Ac. by them, and in 
this Caſe but + Part of the Light can come 
upon the Eye as goes to it through a com- 
mon Spectacle-Glaſs; and therefore by ex- 
cluding three Parts out of four of the ſuper- 
fluous Light, muſt tend greatly to the Safety W 
of the Eye, and procuring diftin Viſion of 
the Object. ] 

Wrorver conſiders the great Force 
which the Action of Light has, and the ex- 
quiſitely tender and minute Veſſels in the 


any other Part of the Animal Syſtem) will 
not 
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got wonder, that if by ſo great a Quantity 
of Light which is thrown upon old Eyes 
by very convex Glaſſes, they ſhould become 
debilitated, weak, and watery in the Courſe 
of a few Years. So potent a Cauſe as 
that of Light by the Conſtancy of its Ope- 
ration produces very conſiderable Effects, 
though by very flow Degrees. The con- 
fant Dripping of Water will in a Courſe of 
Time excavate the hardeſt Stone, though its 
immediate Effects be not in the leaſt diſ- 
cernible, nor any Thing more conſidered 
than the Action of Light upon the Eye. 
THE Difference then between the Vi- 
ſual Glaſſes is as repreſented in Figure 4. 
where A B is the open Glaſs, as in com- 
mon Spectacles, and C D the Olaſs of a 
reduced Size in the vſual Form; the dark 
Part between that and the Steel Frame 
EF is a Black Zone or Circle of Horn in 
which the Glaſs is placed, and ſerves at the 
fame Time as a Safe-guard and Defence 
to the Eye againſt extraneous Light. 
THE ſecond Thing in which the com- 
mon Spectaeles are moſt egregioully faulty, 
is their being placed direct before the Eye, 
or both in the ſame Plane, by which Means 
the Axes of the Glaſs and thoſe of the 
Eye make a conſiderable: Angle with each 
| other ; 


397 


Fig. 4. 
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Fig. 5. 
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other; whereas they ought to coincide, or 02 
the Glaſſes ſhould be ſo placed before the C 
Eye in two Planes equally inclined, that C 
their Axes may both unite in the Object to Re 
which the Eye is directed, and they become Wl * 
one with the Axis of the Eye. To illuf. Pa: 
trate this, let AB be the two common 4 
Specacli-Glaſſes, whoſe Axes AC and BD 
are parallel, and thereby directed to Ob- bal 
jects only at an infinite Diſtance, quite 
contrary to the Deſign of theſe Glaſſes, VI 


which is to ſnew a! near Object, as ſuppoſe 
G; then the Glaſſes E, F, are fo placed in 
the new viſual Form as to have their Axes 
tending to, and uniting in that Point G; 
by which Means they become coincident W 
with the Axis of the Eye, and the Rays of 
Light are regularly and equally refracted W 
to the Pupil. And conſequently the Viſion | 
or Appearance of an Object will by this 
Means be rendered the moſt natural and 
eaſy that it poſhbly can be; and indeed the 
Difference is ſo conſiderable, not only in 
itſelf, but likewiſe by Experience, that I 
may venture to prognoſticate, that in a 
few Years Time, after the Averſions which 
ariſe from Cuſtom, Intereſt, and Novelty 

are worn off, the common Spectacles will 


be looked upon as the Opprobrium of the 
| | Optical 
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Optical Science, and become equally in 
Contempt. and, Diſuſe; While the VISUAL. 
GLASSES will apptove themſelyes the genuine 
Reſult of Optical FPhiloſophy, and be uſed 
at leaſt by all. the. prudent and thinking 
Part of Mankind. Fhoſe who would ſee 
a larger Account of this Matter may con- 


aal my Efey en u (Hs Wed n 


paſſed through four Editions. 


10% Minit u b. 

Deſcription and Uſes of the yin 
RI 5 ESO R, or PORTABLROBSER- 
varokY, by Mr. James Short, F. R. S. 
who firft 3 N us 3 1 en N 
HIS ena ealiigite two cir- 
cular Planes or Plates, marked A A, 
which are ſupported upon four Pillars; and 
theſe are again ſupported upon à Croſs- 
foot, or Pedeſtal, moveable at each End by 
the four Screws BB BB: The two circular 
Plates AA are moveable, the one above 
the other, and are called the horizontal 
Plates, as repreſenting the Horizon of the 
Place; and upon the upper one are placed 
tro Spirit-Levels, to render them at all 
times horizontal: Theſe Levels are fixed at 
Right-Angles to one another: This upper 
Plate is moved by a Handle C, which is 
called 
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called the Horizontal Handle, and is di 
vided into 360, and has a ON ite 
divided into every three Minutes.” 
Arove this horizontal Plate there is' 2 


Semicirele DD, divided into twice 900; 
which is called the Meridian Semicirele, as 


repreſenting the Meridiat of the Place, 


and is moved by a Handle E, Which ig 
called the Meridian Handle, and has a Vo. 
nius Index divided into _ three Mi- 
nutes. it 5 
ABOVE. this Meridian Semicircle. is ful 
tened a circular Plate, upon which are af- 
fixed two other circular Plates F E, move- 
able the one upon the other, and are called 
the Equatorial Plates; one of them repre- 
ſenting the Plane of the Equator, is di- 
vided into twice 12 Hours, and thefe are 
ſubdivided into every 10 Minutes of Time. 
This Plate is moved by a Handle G, called 
the Equatorial Handle, and has a Nonius 
Index for ſhewing every Minute. 
ABOVE this Equatorial Plate there is a 
Semicircle H H, which is called the De- 
clination-Semicircle, as repreſenting the 
Half of a Circle of Declination, or horary 
Circle, and is divided into twice go? , be- 
ing moved by the Handle K, which is 
called the Declination-Handle. It has alſo 


a Nonius 
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\ Nonius: Index neee 
three Minutes. 18110181 {ck bs le 2 
ABOVE..." this" : Declitigtion-Sewigitcle': is 
aitened à Reflecting Teleſcope L Ju: of che 
Gregorian: Gonſtnuction. the Focal Length of 
is great Speculum being a8 Inches. 
Is order ito juſt che Inſtrument for 
Oblervation, the krſt ching te be done, is 
v make the Horizontal Plates level or he- 
montal, by means of the two Spirit-Levels; 
ind the four Screws in the Croſg-Pedeſtals 
This being dene, you move the Meridian 
demicirele, by means of the Meridian Han- 
lle, fo as to raiſe the Equatorial Plates to 
the Elevation of the Equator of the Place; 


which is equal to the Complement of the 
Latitude (and which, if not. known, may 


likewiſe be found by chis Inſtrument, as ſhall 
be afterwards ſhewn) And thus che Inſtru - 
nent is ready for Obſervation. 


nd the Hour of the Day, and Meridion 
hag of the Place. | 


FirsT find, from aftrotiomidel? Tables, 
the Sun's Declination for the Day, and for 
that particular Time of the Day; "then ſet 
the Declination-Semicirele to the Declina- 
ton of the Sun, taking particular Notice 
whether it is Notter South, and ſet the 


Declination-Semicircle accordingly. 
VoL, III. | D d You 
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Minute of the Day, which comparing with 
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- You then turn about the Horizonta 
Handle, and the Equatorial Handle; both 
at the ſame time, till you find the Sun pre- 
ciſely concentrical with the Field of the 
Teleſcope. If you have a Clock or Watch 
at Hand, mark that Inſtant of Time; and 
by looking upon the Equatorial Plate, and 
Nonius Index, you will find the Hour and 


the Time ſhewn by the Clock or Watch, 
ſhews how much either of them differ from 
the Sun. In this manner you find the Hour 
of the Day. | 

Now, in order to find the Meridian c 
the Place, and conſequently to have a Mark 
by which you may always know your Meri 
dian again, you firſt move the Equatorial 
Plate, by Means of the Equatorial Handle, 
tilt the Meridian of the Plate or Hourline 
of 12. is in the Middle of the Nonms Index; 
and then, by turning about the Declination 
Handle till the Teleſcope comes down to the 
Horizon, you obſerve the Place or Poin 
which is then in the Middle of the Field of 
the Teleſcope ; and a ſuppoſed Line 
from the Centre of this Field to that Point 
in the Horizon, is your Meridian Lane. 
The beſt Time of the Day for making, this 
Obſervation for finding your Meridian, 
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bout three Hours before Noon, or as much 
iter Noon. The Meridian of the Place 
my be found by this Method ſo exact, that 
tat it will not differ at any time from the 
me Meridian above 107 Time, and if a 
proper Allowance be made for the Refrac- 
ton at the Time of Obſervation, it may be 
found much more exadt. . This Line thus 
fund will be of uſe to ſave Trouble after- 
nards ; and is, indeed, the Foundation of | 
il aſtronomical Obſervations. | WT 7: 


rfl Star or Planet i in the Do, 
even at W 5 * | 


THE laſfruthent remaining as reftified 
in the laſt Experiment, you ſet the Decli- 
ntion-Semicircle to the Declination of the 
Star or Planet you want to ſee; and then 
you ſet the Equatorial Plate to the Right 
Aſcenſion : of the Star or Planet at that 
ime, and, looking through the Teleſcope, 
you will ſee the Star or Planet; and after 
you have once got into the Field, you 
cannot loſe it : For, as the diurnal Motion 
of a Star is parallel to the Equator, by 
your moving the Equatorial Handle ſo as 
o follow it, you will at any time, while 

Dd 2 it 
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7 55” above che Horizon, *Kehbe 
de zone dut of the FRA. , > MOGE, 7 

Fur caſieſt Method for — 
Planet in the Diytitthe is Nos aus 
| ment being a ed a8 before Gretel 50 
bring” the Teleſcope” down 15 8 
aitecy at your Mera” Mafk; 80d then 
vou ſet it to the Dechnatioh, "ht af Right 
Aﬀeriiſion, as before-thentiotied: 0 Ht 

"BY this Tnftruthknt” moſt of the"Stars"of 
the firſt and cd Wag nithde Have Veen 
ſeen even at Mid-day, and ig gun ſhin- 
ing obriglit; as alle AfrromywFerus, aid 
Jupiter: Satim and Mar ave" not i eaſy 
to be ſeen, upon account of the Faintneſs of 
their Light, erer when tie Sum is büt 2 
few Hours above the Horizon, ! '' 1 | 
Av in the fame manner u the Nip 
ume, when you can ſee A Stür, Plaget, or 
any new Phænomenon, ſuch 25a Comer 
you may find its Declination and Right 
Aſcenſion immediately, by dfning about 
the Equatorial Handle, an Decination 
Handle, till you fee the Sti, , or 
Phænomenon; and then, loching upon che 
Equatorial Plate, you find its Right Aſoen- 
fion in time; and you find pan ther Hecli- 
nation-Semicircle, its D in Degrees 
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In order to have the other Uſes of this 
Inſtrument, you muſt make the Equatorial 
Plates become parallel to the Horizontal 


an Equal Altitude en a Transit In- 
firument, a TBoodolite 4 Quadrant, an Agi- 
nut h Inſtrument, and a Level. The manner 
of applying ĩt to theſe dilflrent Purpoſes is 
too obvious to need any. Explangtion. 

As there is alſo a Box With a magnetic 
Needle faſtened in the lower Plate of this 
Inſtrument, by it you may adjuſt the In- 
ſtrument nearly in the: Meridian; and by it 
likewiſe you may find the Variation of the 
Needle ; If you ſet the Horizontal Meridi- 
an, and the Equatorial Meridian, in the 
Middle of their Nonins Indexes, and direct 
your Teleſcope - to your Meridian Mark, 
you obſerve how many Degrees from the 
Meridian of the Box the Needle points at; 
and this Diſtaace or Difference is the Varia- 
tion of the Needle, 


” b a 4 a4 4 * 
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plates; and then this Inſtrument becomes 
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VOLUMES, 


N. B. The Numerical Letters denote the Volume, 
and the Figures the Page of that Volume. 


| 5 A 
BSOLUTE Weight of Bodies, what, i. 84 n. 
Motion, what, i. $8 and 89 n. 
Accelerated Motion, what, i. go. How produced, 


i. 90 n. | 
Allien, conſiderable Inſtances of, i. 19, 64 n. 
olipile, Uſe and Nature of in producing Steam, ii, gon. 
Whence its Name, ii. 90 n. Conſtruction of, ibid. 
Caution in uſing, ii. 91 n. Its Force in burſting 
calculated, ii. 92 n. Notable Inſtances of the Force 
of elaſtic Steam, ii. 93 n. What Uſes it might be 
applied to, ii. 94 n. Trials with Water, ii, ibid, 
and 95 n. 

Aerial Pulſes, ſee Pulſes. | 
Eras, what and how many, iii. 240, Of the Argonau- 
tic Expedition ſettled by Sir Iſaac Newton, iii. 249. 
Air, Preſſure of, cauſes the Riſe or Motion of Fluids, 

ii. 29. Exemplified in a Syphon, ii. 40. External, 
when electrical, i. 72. Generally eſteemed a Fluid, 
ii. 183. In what Reſpects different, ibid, In what 
Senſe incongealable, ii. 114 n. Has a fixed State, b. 
Alternate Tranſmutation of evident from Experi- 
ments, ii, 115 n, How produced, ibid. — 5 

| waar, 


r 8 


what, ibid. Its Weight manifeſt from Reaſon and 


Experiments, ii. 121 n. Whence, according to Sir 
Iſaac Newton, ii. 119 n. An Element of Bodies, ii. 
120 n. Table of, ibid. Gravity of indicated by the 
Mercury in the Barometer, ii. 125 n. Spring of to 
what owing, ii. 122. Common Experiments for 


* ſhewing, ii. _ Its Force of Repulſion exhibited, 


ii, 135 n. Its Denſity why different at different Al- 


titudes, ii. 136. How decreaſing upwards, ii. 137. 


If of equal Denſity the Height of the Atmoſphere 


might be determined, ii. 139. But decreaſing with 


the Preſſure becomes i ite, ii. 141. Altitude 
of how determined, ii. 142. Its Denſity limited, ii. 


143 n. Its Rarity limited, ibid. Two different Den- 


ſities of found by Experiment, ii. 144 n. Its Rare- 
faction inveſtigated by Sir Iſaac Newton, ibid. Boun- 
dary of or nad: 11,157 n. Method for diſcover- 
ing the Altitude of, ibid, Mean Gravity of, what, 
ii, 150 n. How affecting the animal Functions, ib. 
Weight of proved by many Experiments, ii. 155. 
The Preſſure of in raiſing Water how evinced, ii. 
156. Spring of demonſtrable by various Experi- 
ments, ii. 157. Uſes and Conſequences of, ii. 
173. Neceſſity of in ſeveral Particulars, ii. 174, 
Hear and Cold in are indicated by the Thermo- 


meter, ii. 180. Spring of affected by Heat and 


Cold, ii. 181 n. Rarefaction of in the Recipient of 
an Air-pump calculated, ii. 195 n. Table of, ii. 
196. irection of from E. and N. the Effect of, 
ii, 209, Verified in the general Trade-winds, ibid, 
Waves of, what, ii. 228. 

Air-Gun deſcribed, ii, 189 n. 


Air- Pump, common, deſcribed, ii, 190. Portable de- 


ſcribed, ii. 193. 

Altitudes of Mercury, or Water, Table of, ii. 139 n. 
Of the Air how determined, ii. 142. Of the Sun 
or Stars, what, iii. 249. | | 


Amplitude, horizontal, of Projection, i. 129, Differ- 


ent, of a Projectile, i. 130. Ortive and Occaſive 
what, iii. 286 n. | 
Amphiſcii, who, iii. 282. 
fnalyſis in Natural Philoſophy what, i. 4 n. 
Dd 4 Anemoſcope, 
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Auemeſcope, Deſori i, 21t rt; Meaſures 
Tage e n 

Angle under which the Parte Seemidiachr 
at the Sun determined, li. r0g n- 

Angle of Trieidenee, ſee Intidente. ae, 4 

Anomaly equated or true, how found, fron the 1 

in. 161 n. 

Antarchic Circle what, iii. 176. l of BBs Ad 

Antipodes who, iii. 287. NN Rey br L ls . 2 

Antœci who, ibid. 3 

Apbelios, what, ii. Toa. tee © of the Son on the Wi- 
ters leſs in, ibid. ge _— Points” in the 
Orbits of the Planets, itt. 14 a urea. (8), 4 

Apſutes, Line of always in the ſame reste, ibid. 

Arb diurnal; or Length of the Da y, by what tet 
- ſented, iii. 177. Noctufnal, 4 Length of 
- Night,” iti. 179. 

Arch: rediy's Screw for raiſing Water, ii. 66 n. $ybere 
the firſt Ortery and what, iii. 165 n. Mentioned by 
Citero, ibid. Method of diſcovering! the Fraud in 
- Hierd's Crown, i. & eq. 

Argonautic Exyedition, what, iii. 248. Era of fettled 
by Sir I/aac Newton, iii. 249 & ſeq. 

Artificial Magnets, how to make them, i. 75. Append. 

to Lect. 

Aﬀſcenſim hn what, iii, 256, Oblique, what, ibid. 
tenfional Difference, what, iii, 355. 

Aftronrmical Principle of Chronology by Sit Iſaac New- 
ton, iii. 248. 

Arlantio Ocean, the Theory of the Tides verified in, 
ii. 96. 

Armoſpbere Electricity of how obſerved in Winter, i, 
73; Height of how determined by Obſeryations and 

xperiments, ii. 141, Whole, its Weight on the 
Earth inveſtigated, ii, 151 n. Affected by Attrac- 
tion of heavenly Bodies, 206. What Effect it has 
on the Wind, ibid. Of Wins what, i. 12. 


Artraction of Gravi ity, i. Origin commu- 


nicatetl by God to all Matter: ibid. Manner in 
which exerted and the Means by which p eee 
unknown, ibid. The Propagation of its Virtue 


- accounted | 


I-NDfE X. 


accounted fot by ſeveral Hypotheſes, ihn. Powter 
of, is not to be defined, i. 14. In what it conſiſts, 
i. 15. Its Force generally decreaſes us the Squares 
of the Diſtances encreaſe, 3. 16. Exenplified from 
Effluvia, ibid. Four different Sorts of, what, i. 17, 
Of Coheſion, right Laws of, ibid. Froved by Ex- 
periments, ib. ſeq. & n. And Repulſion iluftrated; i. 

18. Seven Ex- 


by Experiments, i. 22. Of 2 i. 24 & /eq. 
Accounts for moſt of the Phænomena in Nature, i. 39. 
Of electrical Bodies, i. 7 Fourteen Properties of, 
ib. & ſeq. In the beave Bodies; proved to be of 
the electric Kind by an — i. 41. Magnetic, 
its Law aſcertained, i. 47, Four Laws of, ib. Con- 
ſequences from, particularly a Vacuums, i. 83. In 
what Manner different from Line of Coheſion, i. 82. 
Its Force as to Senſe the ſame for any Diſtance near 
the Earth, i. 83. In great Diſtanoes decreaſes very 
— ibid. A Cauſe of the Motion of Fluids, 
. 91. Wiuſtrated in the Tides, ib. & * 

* Middle of when, iii. 190. 

Autumnal Tides accounted for, ii. 96. 

Axis in Peritrochio, what, i. 156. Of the Earth, ſee 
Earth. 

Aximutb, or vertical Circles, what, "Y 286 n. 


1% Temp $146 
* 
* 


B Hance what, ail the ſeveral! Kinds of, i. 165. Pro- 

portional, what, i. 169 n. | Hydroſtatic Uſe and 

Deſcription of, i. 282 & ſeq. Common Improve- 
ment of, i. 

Barker, Dr. the * Gontruion of his new invented Mill, 
i. 215 n. 

— what, Ii. 132 n. Simple Structure of one 
exhibited, ibid. Rationale of, ibid. & ſeq. Suſ- 
penſion of the Mercury in the Tube, to what owing, 
ii. 124 n. Its rifing and falling indicates the Air's 
Gravity, ibid. Wheel, Drſcription of, ii. 127 n. 

Pendant, 


j 
: 


3 * — 2. 
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f | 
Pendant, Deſcription of, ii. 127 n. Its Fault, ibid. 
Compound, by Mr. Rowning, ii. 128 n. By Mr. 
Caſiuell, deſcribed, ii. 1 30 n. Common, | meaſures 
— Gravity of the Air beſt, ii. 131 n. The Uſes 
Ot, 11. I 2n. | WY | $ | 
Bar-pool i Warwickſhire, Account of a Water-mill 
at, i. 208 n. | i 
Bees, their Cells 3 conſtructed, i. 234 n. 
Beighton, Mr. his Table of — for — 
of Fire-engines, ii. 84 n. IKE 
Bellows, Theory of, ii. 217 n. 24 
Bernouilk's Barometer, ii. 126 n. 
Biſſextile, why ſo called, iii. 238. | T3 
Bladder, blown, Experiment on for ſhewing the Elaſti- 
city of the Air, ii. 135. h 
Blackneſs, what, ii. 362 n. Conſequences from, ib. 
Bodies, particular, conſiſt of the ſame Matter, i. 3. 
To what Elements reducible, i. 5. With one and 
two Dimenſions how expreſſed, i. 6, Common Pro- 
— of, what, ibid. Platonic, Number of, i. ꝙ n. 
roperty of, ibid. Regular, Number of, ibid. Tables 
of for the Coheſion 5 i. 23 n. Hardneſs of 
accounted for, i. 32 n. Electrical Attraction of, i. 39. 
Attraction in the heavenly of the electric Kind, ac- 
cording to the Experiment of Mr. Gray, i. 41. n. 
Weight of Matter in, how expreſſed, i. 48 n.  Abſo- 
lute Weight of, what, ibid. Deſcend by Gravity in 
right Lines, i. 856, Why with equal Velocity, ib. n. 
Farther Illuſtration of, i. 86. Forces with which a 
Body is attracted on two Spheres of the ſame Den- 


ſity, i. 87. Forces of, are as the Number of at- 


tracting Particles, ibid. Gravity of, decreaſes with 


the Diſtance from the Centre, ibid. Projected up- 
wards, Obſervations on, i. 91. n. Free Deſcent of in 


Vacuo, i. 108. Properties of, i. 16, 111. Deſcent of 
on inclined Planes and Curve Surfaces, i. 111, Con- 
nected together, the Centre of Gravity in, i. 156, 
157. Force of, famous Controverſy about, i. 241. 

Tranſparent Parts of, reflect Rays of one Colour 

and tranſmit thoſe of another, ji, 358 n. Sizes - 
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che Particles indicated by their Colours, ii. 260 n 
See Motion, Momentum, and Velocity. - 

Boch, Circulation in the human, how accounted for, 
i. 35 n. The Forces with which it is attracted with 
on two Spheres of the ſame Denſity, but unequal 
Bulk, i. 87 n. Animal, a curious Hydraulic Ma- 
chine, ii, 36 n. Of a middle ſized Man, what 

Preſſure upon, ii. 151. How counterbalanced, ii. 

ibid. Sonorous; how its Parts propagate Sound, 
ii. 220. How affected by the Air, ibid. The 
Tremours of, how propagated, 'ii. 227. Sonorous, 
how agitating the contiguous Air explained and 
demonſtrated, ii. 232 n. 

Brerhaave, Dr. Experiment to prove the INS of 
Light inſenſible, ii. 227 n. 

Boetius Severinus, Orrery contrived by, iii. 16m. 

Bruguer's direct and geometrical Computation of all 
the Phænomena of a. Comet moving in any conic 
Section, iii. 214 n. 

Byte, Mr. Experiments of, ſhewing the Generation of 
Air from terreſtrial Subſtances, ii. 115 n. Recom- 
mends Hydroſtatic Knowledge, i. 316 n. 

Bradley, Dr. his Diſcovery of the Aberrations of the 
fixed Stars, ii. 278 n. 

Brooks, how formed, 11. 15 n. 

Burning glaſſes, Nature of accounted. for, ii. 285 n, 
Lunar Rays in the Focus of, produce no ſenſible 
Heat, 289 n. & ſeg. Point, what, iii, 15, 16. 


C | 


(Ares obſcura, what, ili. 78. 
Campana Urinatoria, ſee Droing-Bell. 

Canton, Mr. electrical Experiments b, i. 52, 57. 

Capillary Hypotheſis of the Origin of Springs inſuf- 
ficient, ii. 11 n. Glaſs Tubes, Phænomena of with 
Water accounted for, i. 32 n. Heights of the Fluid 
in different Tubes inverſely as the Diameters de- 
monſtrated, i. 25 n. With Quickſilver the Phæno- 


mena are the Reverfe of that with Water, i. 26 m. 
Confide- 
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Conſiderations to be regarded in the Riſe of Flaids 
in, i. 27 n. Table of Experiments on various Fluids 
in, i. 28 n. Extraardinary Phænomenon in accounted 
15 "ny i. 29 n. nn W Kccqunged for, 
1. 5 n. . 
5 Bancknoter; ii. 126 n. Five Satellites of 65. 
diſoovered by, ii. 127 1 ũñ/ͥ0 0 
Ce well, Mr. Deſcription of bis Barometer, ii. . n. 
ot fit for common Uſe, why, ii. 131 n. : 
Catilogus of the Stars, iii. 262 n. 
Catenaria Curve, if ee the beſt Form for” an 
Arch, i. 234 . 
Cateptrics, what, iii. 2 n. 
Cauſes for the . n WR 
Cavendiſh, Earl of, a curious Conſtruction of Thermo- 
meters by, ii. 187 2... 1 0 N 
Central Forces, i. 133, 136. | 
Centre of Oſcillation,” what, i. 122. Of Ma enityde 
what, i. 148. Of Motion, what, ibid. Of Gra- 
vity, what, ibid. Sole Principle of mechanical Mo- 
tions, ibid. Ten properties of, i. 149. Several 
Phænomena ſolved by, ibid, & 49. Several Parti- 
culars of demonſtrated, i, 150, & ſeg. Of Gra- 
vity in Bodies connected together, what, i. 150. 
Of the Earth and Moon, i. 157. Of the Sun and 
- Planets, ibid. Several Particulars of demonſtrated 
i. 157 n. & ſeq, Common, the ne” of dend 
Phænomena, i. 158. 
Centrifugal Force, what, i. 13 5. 
Centripetal Force, what, i. 136. 
Chamber, dark, ſee Camera obſcura. 
Charts and Maps, philoſophical Principles of, iii. 306 n, 
Chord, Muſical, a ſingular Property of, ii. 264. De- 
monſtrated, ibid. & _ 
Chronology, Aftronomical Principles of by Sir 1/azx 
Newton, iii. 248. 
Ciceros Deſcription of Poſudonius the Stoic's Orrery, iii. 
166 n. 
Cimento, Academia. del, Miſtake about the Velocity of 
Sound, to what owing, ii. 238 n. 
Circle and Index Horary, iii. 177. 


Circles, arctic and antardic, what, iii, pon”, 
5 Circular 
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Circular Motion Gf, 432. * hes 196, 
Circulation, ho accontited>for, i. 38 n. 
Claudiam s a 5 Aredinnndes's 8. 1 85 iii. 


| 
| 
| 
| 
| 
| 
| 
| 


165 n. — 
Climate, whine: Alz 16 toe in tl Jawa 
9 Mechagffm of the Parts ef, 1. 19 11 Machi- 
of n Part; i i. 108. De endin on an 


elt ined Plane, i. 100% n. Mechasiün of, ibid. & 
ſeq. Made to en on che ame inclined 'Pline 


by M, & Gennes, 1 1. Yi 201 mt"! * y ws #47437, os | 
cha, Electricity From, how Sikoyersd,'i. 7. 10 tx. lj 
periments on, ibid. eee #10 Qiao 1 


Cobeſon, Laus of the Aterabsten ef, i 17. Or various 
Bodies, Table of Weight to Eparate, i. 20 nh 
feq- bo — ſolves ſeveral- hn 
1. 2 W. Ne 

Cold, 4 gel Ko Wind; A. 203. 

Colours, Seven original fimple ones, M. 313. e 
Proportions of gar the curious Hint'of: vifual Muſie, 
ii. 321 n. | How diſcovered by" Sir Mar News 
ton, ii. 325. The Objects of any of the ſimple 
ones, when viewed through a Priſm, what the Ef- 

* and what the Images of them formed by Lens; 

322. Demonſtrated in feveral Particulars; ii. 
26s n. Rings of the various Phenomena of thewn 
by Expertmen 15 s and demonſtrated, ii. 341 n. How 
produced, illuſtrated and demonſi rated, it, 347 n. 
Science of truly mathematical; ii- 353 n. Sir: 
Newton's Definitions and Precautions about the 
trine of, ii. 354 n. Different Sorts of, ii. 354. Theo: 
ry of compounding and need in 1 
Inſtances, ii. 363 n. 

Colures, Equinoctial and Solftitial, what, iii. 175. 
| Mean Place of found by Sir Iſaae Newton, iii. 249. 
| That of the Summer determined, iii. 250. | 

Comets, revolve about the Sun in Eccentric Orbits, iii. 
105, And Planets, what Properties of circular 
Motion obſerved by, i. 137. That of 1682, 
1758, the Tract of exhibited,” iii. 198. Se- 
veral Affections of ſheyn and demonſtrated, 


i iii. 
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ili. 203 n. i "OP Tails of, how. formed, itt, Cy 
20 3 n. Figure of, 204, ibid. Aſcent to what 0 
| owing, iii. 204 n. Have no perceptible hori- Co 

zontal or diurnal Parallax, iii. 204 n. But an An- Cr 

nual Parallax, iii. 205 n. Different Motions of, Cr, 
ibid. Move in Conic Sections round the Sun, iii. 24 
206 n. Their Orbits Rte: ibid. Periodical Cry 
Times of, ibid. Its Motion may be calculated in a Cu 
| Parabolic Orbit, iii. 206 n. F of, in Peri- g 
helio, ibid. & ſeg. Phænomena of one moving in a C 


| Farabola near the Vertex, iii. 211 n. Difficulty of c 
computing its Periodical Time, iii. 217 n. Table ] 
of Longitude and Latitude of, iii. 218 n. Cyc 

Cometarium what, iii. 198. Structure and Rationale a 
of, i. 205 n. B 

Comenography Newtonian, a Compendium of, ili. 203 n. 2 

Condenſer, Gage of, what, ii. 198 n. fl 

Couduiis ſupplied from Springs above them, i ii. 5. De- Cycl 
. monſtrated, ii. 6 n. k 

Conformation of the Eye various, iii. 32 n. ft 

Conic Sections, Refraction in Curves of, demonſtrated, - 

* 


f wy Of | 7 IP 

1 Conjunctions and Oppoſitions of the Planets, iii. 1 34- 
= — two of Venus, iii. 141 n. 

Conſtellations, when invented, iii. 255 n. Catalogues, 


1 eral of, ibid. Flamfteed s the chief, iii. 256 n. 
f Of the Twelve Signs, iii. 257. Of the N. Hemi- D 
Tphere, ii. 258, ſeg. Of the 8. Hemiſphere, 260, 2 
ibid. V 
Continent, what, iii. 283. Decl. 
Controverſy, a famous one, whether the Force of Bo- 0 
dies in Motion ſtriking each other, be proportion- Den / 
able to the ſimple Velocity, or the . of O 
the Velocity ? i, 241 n. Metaphyſical Di- ert 
ſtinction of vis viva and vit mortua conſidered, Dert, 
242 n. ſeq. ibid. Another Diſtinction between ii. 
Force and Preſſure, examined in every poſſible Caſe at 
where the Force of Bodies can vary, i. 244 n. Un- Deſay 
ſupported alſo by Experiment, 1. 246 n. Cavities rai 
made in ſoft Clay by falling Bodies not to the Pur- 87 
poſe, and why, i. 246 n. Diſee 
Ca- G 
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Capernican or Pythagarean 8 8 g= ſo 
daled, ili.” 103 n. eager on gc i — — | 
Cornea, ſee Eye. > 4 P "_ 
Crane, ſee Syphon. [ 


Crepuſculum, where leaſt, and where brad, i 
184 n. | 

Cryſtalline Lucan, fon Eye. ſh fo 

Cupping accounted 1 by the Spring of the Air fl 


I 

* h perbolic, fa b Water in Glaſs: Planes 
demonſtrated, i. 25 n. Surfaces, the Deſcent of 
Bodies on, i. 111. See Motion. 

Cycle of the Sun, to find any Year of, exemplified by 
a Table, iii. 243, iſeq-  Metonic, what, iii. 244. 
Explained, ibid. & ſeg. Of Induction what, iii. 
240. 4+ wh many, iii. 241. Of the Sun-accounted 
for, ibi 

Cycloid, Nature and Uſe of in pendulums and Time 
keeping Inſtruments, i. 118 n. Nature of illu- 
ſtrated, i. & ſeg. Several Particulars, 545 
a Pendulum, i, 121 n. Property of, i. 127 he 
Curve of quickeſ Deſcem demonſtrated, i. 228, n. 


& ſeg. 


DM natural, what, iii. 22 Pw iii. 237. 

Sidereal, what, ibid, Illu rated and explained, iii. 

& ſeq. Begins differently in different Parts of the 
orld, iii. 236. 

Declination and Inclination of the Needle what, i. 46 n. 
Of the Sun and Stars, what, iii. 256. 

Denſity, what, i. 84 n. Proportions of, what, ibid. 
Of the Air different and why, ii. 136. How it de- 
creaſes upwards, ii. 137. 

Derham, Dr. meaſured the Velocity of the Wind, 
ji. 211 n. Table of Experiments made on Guns 
at 12 Miles diſtant, ii, 244 n. 

Deſaguliers, Dr. his Improvements to the Fire Engine for 
rope, Water by Steam, exhibited and explained, ii. 

n 
4 of Fluids by what cauſed, ii. 2. Of Bodies by 
Gravity in what Direction, i. 83. See Bodies. 
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Deſeenfin oblique; 1 what! 4 ii. ; nN A? Seri) 
Dial, Horigootaly whaty ily * n. Direct 8. and N. 
vertical, Reaſon of, iii 272 n. 
Dialling, Theory of, i. 6g n. tt ans 
Diatonit . ef Maſick; what, inge ente N.. N 
Dion eriod; What, iii. 247. Wh bete 
Cha Cycle, ibid. . "ho om buy 
Dioptrick Problems qaiverſal 1 
monſtrated in many Caſes, iii. 10 n. 8 
Deoptricsy what, Wil A hin parnuw 
Dripping Needle, hat, id 42 1 
Diſtillation, Dr, Hate's Method of producing _ 'by 
: 16-216 n. io ens bad or aut 
Difolution 8 Dr 38 meld T 
Diverſuy of Ratios, n-. e analog 
Dion, curious Property. of Speculums diſcovered by 
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Dios Ball, Uſe of; on what N Li. d 
| Why in the Form of a Ball, ii. 175. I 


Form of deſeribedy li. 175 u. Inconvenienon of, ii. 
178 & | Improvements in, ii. e * 
f Mr; Trirweld's of, Ii. 15h P. 74 
Diviſibility of Matter, what; i: 9. An eaſy — 
tion of, i; 10 n. Another, ibid. 
Dae Letters, what, and why ſo called, iii. 242. 
Drawing,: an, Obferyation 4055 taken . 
Obſeurs, iii. 83 h 1 /1l(] , 
Drop, ſpherical of falling Rain, Phenomena of Redec- 
tion and Refraction in, illuſtrated; ii. 3585. 
Drops of Glats, the — N lee. bs, * 
3 —_— IG » 7 n. CH 
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FA. R, curious Structure af, deſerved; 4 ii. you n. 
How Sounds are excited in the Mind, ii. 222 n. 
Earth, with its Moon, mean Diſtance of, iii. 170. Its 
Phaſis as appearing from the Moon, iti. 122 n. 
True Figure of demonſtrated, fil. 142 n. & . 
Earth's Orbit, why elliptical, iii. 144 h. | 
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169 n. Remarkable Phenomena, from the Motion 
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the Axis of, , inveſtigated. by Bir Laue Newton, il 

Shadow, to 2 N — gd; iii. 7 
15 od of meaſuring waſh and 14 Was 2 R. 
ar in by Suri roeh, 
iii. 293. By — — ibid. 1 0 50 igure 
whether an Hex —— or "oblong Spheroid, iii. 294 n. 
N. Pole Menſuration of 47 — at, for determining, 
Il, 295 n. Axis, Phyheal Ex lertſen . 35¹¹ 
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E;ulltion and Heat aecounted farsile. % a. 

Eccentricities of the Orbits of the Planes, iii. 140 u. 
Inconſiderable, ils 182. Their M Motions rr 
i. 153. 2 ICS. a8 (7b 

Echo, what, ii. — Nature of, bun e . il. 
241 n. Of 2 ſing le Sound obſerved by Dr, Derbam, 
li. 244 n. Pol yphonous Uſes. of, ii. 244 a 

Eclipſe . of the Hats i. 196 n. Calculated when no 
Refraction alters the Latitude, in. 198 n. & 65 
Where it has any Latitudez! iii, 197 n. & e 
an equinoctial Day repreſented, iii. 200 n. pang 

conſtrued, iii. 201 n Theorem for finding the 

Ecliptic Limit, ifs A 

Ecliptic, the Inelination of the Planets Orbits toy. ili. 
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Electrical Bodies, A ion of, i. 39. Their „ 

ties, ibid. and i. 4 n. Experiments by Mr. Canton, 

i. 52, & ſeg. Queries concerning, i. 62. F 

bited in an eaſy Manner, i. 63, & ſeq. Further 
Sarnen by Mr. Canton, j, 67, & ſeq, Two 

Sorts of, i. 41 n. Difference of Vegetable and A- 

| nimal ä ibid. & ſeg. P ive and nega- 
| tive Powers of, how excited, i i. 69. Of the Atmoſ- 
| + phere, may be obſerved in Winter, i. 73. From the 

Clouds in — open Air, how Covered, L711" 
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Epagomemæ, what, in 238. Ser . 55 


Eparchie, What; anck how hang; li. 19 258; 
Eguuble Itbotion, What, + 89. How eee i. 
Denn. HN ene zs 5 
"Equinottialp hat, oi) $24: Ses Colurei P 
inan, yernalowhen, b 180 44 7s 
Evaporation, how aceounted r, i. 34 n. it 
Bader, Ptofefior, blames Sie Iſaac Newton's Compurnic 
[1 ofithe Sun's Force imraiſfing the Sea, ii. 105 u. 
Babduſen of heated Metals; What, i. 125 n.. 
"Exploſion: 1: See, Heat and Æbullitin. 
\Bquinoves orEquinotiigt Points, what; iN 175. ver 
zumal ant Autumnal, hat, ibid. 
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|Eje, Deſcription uf ius Bar, Ai. 26. Sets at f. 5 
„ 2% n. Particular Deſcription of, ibid. Dimen- ef 
ions of, iii. 29 n. Ratio s of Refraction in, ibid. i. 


Various Conformation. ofj-4ii, 35 n. The Flatnefs of 20 
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Fr 8 ine eauſed, i i. 36 n. Dr. Hale Me- Na 
thod of generating! and ablorbing Air, i, 117 n. for 
Principal Subjects abſorbing Air, it. 1190 M anc 
Figurability, a Property of Matter, i. 8 n. mo 
*Figure, * ſpherical, of Fluids accounted for, i. 38 n. ii. 
True of the Earth, i. 142. For 
Fre, what, i. 35 n. *Yergetation, aconmuderiby, Mo 
ibid. Circulation in the human Body, ibid. in t 
Wicks and other Bodies; i. 26. Fluids 
Fire; what, ii. 2% n. und ii 281 n. Kings; The- Fluxio 
ory of two -Sorts, ii. 73 n. For raiſing Water by and 
Steam, ii. 73 n. U el. 8 — in, by . « 
Mr. Payne, ii. 8) 19. Pling, 
Fits of eaſy RefleRion and Tranſmiſſion, what, m 33h Fal l 
Modus ager.di of, what, il. 330 Be | 108 for f 
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Nu what, l. ph IT feat ir gy 
Flame, Difference between it and Fire, ii. 283 n. 
Flirentine, Experiment with à Globe, i. 231 .. 
Fluids, ſpherical Figure of, decounted for i. 38 n. 
What, i. 243. Four Characteriſticks of, illuſtrated, 
i. 240 n. Subtility of the Particles of, i. 251 11, 
Laws and Properties of, i. 250. Gravitate on one 
another, i. 234. Their P i. 264. Abſolute 
Gravity of, i. 254 n. Preſſure upwards and down- 
wards equal, i. 255. Surface of, perfectly ſmaoth, 


i. 257. F 0 Surface convex, i. 258. 


Why this Convexity not appear' in Fluids of 
mall Extent, i. 230 n. Preffure of 2 Veſſel, 


what, i. 259. Eaſy Way of computing by Series, 


i. 260. Odjection anſwersd, ibid. Preſſute againſt 
the Side of a cubical Veſſel, what, i, 261. Upon 
the Bottom of any Veſſel proportional to the Altitude 
only, and why, i. 265, & eq. Lateral | Preſſure, 
what, i. 262 n. Difference between Fluids and 
Solids, i. 263 n. Preſſurè ori the Bottom of Veſlds 
eſtimated, i. 263 n. & ſeg: General Theorem for, 
i. 264. Preſſure Centre of what, i. 265 n. Ex- 
actly balanced by a Force equal to the whole Preſ- 
ſure, ibid. Centre of, P the ſame as of Per- 
cuſſion, i. 266 n. Reaſon for trying them with the 
Hydrometer, i. 280. Specific Gravity of, how de- 
termined, i. 285. Motion, to what owing, ii. 2. 
Natural Motion of, from Gravity, ii. 1 Rea- 
ſon for, ii. 3. The Particles of are ſolid Bodies, 
and obſerve the ſame Laws with theſe, ii. * De- 
monſtrated, ibid. Eaſily conveyed thro' Syphons, 
ii. 11. Velocity of a Spouting one, ii. 33 n. The 
Force of any projected Fluid eſtimated, ii. 35 n. 
Motion of cauſed by Attraction, ii. 91. Illuſtrated. 
in the Tides, ibid. & ſeq. * . y 

Fludity accounted for, i; 32 n« . e . 

Fluxions, univerſal Method of determining. Reflection 
and Refraction, iii, 3th. * fu Y.1 

Py. See Fack. 555 

Ping, impoſſible in Man, ii. 155 n. 08 ©7157 

fal Diſtance of Convex and Concave Mirrours, Rule 
for finding, ii. 21. | . 
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Feci, or focal row of an Ellipſis, what, ili. 143. 
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Oontroverſy about, 1. 24 U n. Ot the Moon and gun, 
„ $233d4 (#2! Of che-Aitr's © Requlfion, . ii. T35 U. Of 
Wind on the Sails of a Mill 'computed, I, 1 5 n. 
Of Wind mathematically cabeulated by the Anemo- 
d . g 1. —— Stu Law, 01. determined, 
+ #iz©1 0 n le Ratio vf, iii. 153 n. 
Foregavith! Sq} a ” Body is- attracted on two 
n. Two acting en a Proj 1 Cen- 
-tra},- 1.33136. 36. Centrifugal, what, i. 1 
tripetäl, what, 1. 130. Of the Sun arid: 2 
miſing the Water, computed, ii. 1oaͤ n.4... 
Fabeing — Conftruction of the common, ii. < n. 
Fountains,” Hypotheſes of, ij. 10 n. Origin from the 
Sea, hg, ii, 10 n. Two Principles of, ii. 15 n. 
Natural, accounted for from Preſſure, ii. 20. 
Priviimn, its: Effect on 3 Machine, i. 170. Not pro- 
— to the >. an of Surface, but to the 
eight of the incumbent Part, i. 179. Several Far- 
ticulars of, i. 179 n. How diminifhed in any Ma- 
chine, i. 182 n. Particularly i in r 95 
72 accounted for, i 34 ite 


p | G. 
G. Neſctiption of, li. 27 
(Galilean Teleſoope, the brit a iii. 6. 

Galileo, Fupi er's Satellites diſcovered 2 „2 n. 
Gates of a Lock, i. 162. 5 F e 2 
Cennes, M. de, his Clock aſcending on an inclinedPlane, 
i 201 n. 
Glaſs Tubes, ee of capillary, i. 23 5. See 
Capillary. Drops, Phænomena of, i. 38 n. Read - 
ing, Nature of, lil. 38. n. 
Gaſes different Properties of, in Reflexiony iii. 20 n. 


ni- 


IN 5DQEXF 


Univerſal Method by Fluxions of, ſhewing the dif- 
ferent Effects in Reflexion and Refraction iii. 3 n. 
Exempliſied in the Ellipſis, ili. 5 n. Hy perbola, 0 
ibid. Parabola, ibid! And in alf ſpherical, ellip- 
tical or: parabolical refleFing Surfaces, in. 6 n. 
Kinds of, what, iii. 19. Viſaal explained, iii. 997. 
Globe, Problem curious for finding its Thickneſs, i. 
152 n. Celeſtial, ſeveral Problems on ſolved, f iii. 
268, & ſeg. Aſtronomical Problems repreſented on, 
ili, 277 n. Terreſtrial deſcribed, iii. 279. Prob- 
lems, ſeveral ſolved on, fil. 284. 
Cnomꝛnicts, philoſophical Principles of; "ra 268 n. 
Geſſet and de Ja Denille, Me VN. excellent lifting Lump 
deſcribed, ii. 65 n. 
Graveſande, Dr. his Helioſtata deſcribed, 5835 ar 
Gravitation, Attraction of, i. 82: Of F mY . 252, 
> D 
Re: ſpecific, Tables 3 . 290 n. 1 bee 
Gravity, what, i. 86. Specific of Fluids how * 
mined, i. 283. Mean, of Air; Whät, Ji. 1 $1 Ne 
Greateſt of the Air, ii. 188 n. Sec Attraction. 

Gray, Mr. his Expetiment to prove the Attraction of 
the Heavenly Bodies electric, i. 41 mn 7 
Gregory J. Dr. Teleſcope contrived by, iii. 75 n. Im- 
proved by Mr, Hadley, ibid. Small Altern by 
Mr. Caſſegram, ibid. ; 

Gregory XIII. Pope, reforms the Calendars, Hi, 240. 

Gulf, what, iii. ” ROB" PERTAIN 
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ac, xperiment for recoverif t 

Ha Virtue of Loadſtones, i. 50 n. 8 

Hail accounted for, i. 27. * v0 

Hales Dr. his Experiment-on ſeveral livs Animes, ii, 
37 n. For producing Air, it. 115 5 Graduations 
on his Thermometers, ii. 186 n. Computations 
_— 2 5 11. 218 n.  Thvention of the 
Sea-ga 
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- *Movuntajn'of St. Helm, ii tz. Experiment wilte 
in that Iſland, ibid. & eq. In the Mediterranean and 
Thames, ibid. An Obje to his Theory of Va- 
_ pours anſwered, ii. 18 n. Form of a Diving-Bell 
_ defcribed, ii. 175 n. The principal Phanomenzof 
Wind taken from his Hiſtory and Map, ii. 20t n. 

Solution of a' Problem of Venus appeating in the 
Dae Time, iii. 135 n. ' Method' of calculating the 

| Offieity of the Tropical Year, iii. 223. 


Harmony, what, ii. 255. 
Halo, how formed, ii. 368. % 
Harmonic Proportion, What, ii. 2556. 
Harpfichord, ocular, attempted for entertaining the Eye, 
with Harmonic Colours, ii. 32. 
| Harveſt Alion, Phænomena of explained, iii. 275. 
Hawhjber's accurate Method for finding the-refraQtive 
Power of the Air, ii. 39 n. 
Heat and Ebullition accounted for, i, 27 n. And Cold 
induated by the Spring of the Air, ii. 181 n. A ge. 
- neral Cauſe of Wind, ii. 203. What, ii. 249 n. 
281 n. Of a Polar Day calculated, iii. 187 n. Of 
a Summer Tropical Day calculated, iii. 186 n. Of: 
Winter Tropical Day, iii. 187 n. When a Maxi- 
—_ any given Day, Problem for finding, ii. 
188 n, 
' Heliometer, what, ili. 373. Invented by Servingtun da- 
vun, ibid. & xx. 
Helieſtata. See Graveſande. W 
Hemiſpbere, Property of, in Glaſſes, iii. 17 n. Cele- 
ſtial, what, iii. 297. TY 
Feteroſcti, who, iii. 283. __ 
Hiers's Crown. See Archimedes. | 
Hitory of the principal Phenomena of Winds, ii. 201. 
Hyperbola,' Properties of, i. 326 n. 
Hooke, Dr. Inyentor of the Wheel Barometer, ii. 138 n. 
Horary Circle and Index, what, iii, 177. 
FHorizamal Amplitude of P | 
of Projection, what, i. 129. Inſtrument to draw 
Line truly ſo, ii. 5 n. Dial, what, it. 2/1. 
Hoſteins, Mr. Jaſbua, his curious Mercurial Pump, 3 
improved by Dr. Deſaguliers, ii. 57 n. TY 
Hoeur-Lines, what, iii. 270 n. 
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Huygens's De n. Sing 
Teleſcope of common Uſe, ibid. & trivance 
for firing Objed-Glaſs on a P | thid, Fable 
for Teleſcopes, iii. 71 n. 

Wen ii. 2. kg Example of the Uſe 
of, ii. 36 n. 

H h urometer, Reaſon for ng Fluids by, 1 1. 280. Pe- 
1 of, i. 281 n. Ss Lore of the common, 
ibid, Not the beſt Structure, ibid. How improved, 
i. 282 n. Several Experiments with, i, 282. How 
to adapt this Inſtrument to all Uſes, ibid. Beſt Me- 
* trying Proof- Spirits, . 203. Rationale of, 
i. 287 n. 

Hjdrelatic Balance, bag i. 282, & ſeg Son 
= 70 Parts, i. 284. Different e Solids 
and Fluids compared by i it, i. 285 n. How. common 
Water might be made a 5: ray 1 5 . 286 n. 

Hydroftatics, recommended by Boyle, 310. 
Uſefulneſs of, i. 309. : Paradox j in, ſolved, i. 467 n. 
Conſequences from, i. 208 h. Wbat, i, 249. 
Uſcfulneſs ſhewn in ſeycral Inſtances, i i. 208. To 
find the Quantity. of, Preſſure, againſt. a Shore or 
Bank, i. 301. Biber uſeful Problems, i. Aon. 
2 [e. Reſiſtance of 'Mediv jums ne, i. 
312. 

Hyzrometer, its Uſe in. indng the Moiſture a Dry- 
neſs of Air, ii. 187, Beſt of, ii. 188. n. 

Hypotheſes, three of th Mogdanc i i iii. . 
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Ack, common, whay, i i. 186, 5 * chi 
Jack, Uſe of, i. 188 n. Beſt Farm. for 72 . 
189 n. Great Powers of computes, ibid. £7 eg. 
Jet d Eau, Theory of, ii. 22 n. Why they, do Lot 
riſe to the Hei * of the Reſervoirs, li. 23. n. Ve- 
locity of one 9 ii. 23.0. Tables of the 
Height to which they riſe, ii. 27 n. Path they 
deſcribe, ii, 34. | 
Ulumination, Circle of, what, ii. 177. 1 SP 
[moges of Objects in various Glaſſes, iii. 12 u. "Several 
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| Thegraps far finding ibid. © Of Objeds, un. 
Poſitions of, iii, 22. died, in What Fo. 


cuz of refrangible Nays to be placed, li. 2 n. 
Imaginary or Virtual Focus, what, iii. 214. 
Inpenctrability. See Solidity. an 
Impetus, what, i. 129. | Wo 
Incidence; Angle of, ii. 295» * And Refrac. 

2 che dines of the Angles 

N of the Needle, i. 46 n. 
Plane, _— i. 166. Several Particulars of, 

. 172 n. 
Inflaltion of Light. See Refuchion of Light. 
Index s ili. 177. 


Tren- Bars, Inſtances of Magnetiſm acquired by, i. 5 fie 
Hand, what, iii. 283. 

hmus, What, iii. 283. 164 

ulian Period, what, nit. 247. & OE 
piter, three Belts obſerved, iii. l Min four 
Satellites, iti. : 28h, Diſtance — 5 the Sun, 2 125 
n. Why his Moons move a in a right Line, 
lii, 123 2 Direct and — Ur, N. 124. 
Moons, Method of finding the Diſtance of te 
outermoſt, iii. 12 3 


ä | K. | 
Kits famous Problem, iii. 161, & ſeq. 


L. 

L. ſolar, what, iii. 177. 

Lake, what iii. 284. 

Lanſdown Hill, by Bath, Spring near the Top of, il, 
r6 n. 

Lanthorn, Magic, what, iti, 78. 

Latitude of a Star, what 
the Tereftrial Globe, what ni, 20. 

Laws of the Attraction of Coheſion, i. 1 17, General 
of Motion, i. 101, 102, 105 n. Of Fluids, i. 250. 
Immutable, regulating the unequable Motion of the 
Planets, iii, 146 n. Of the Centripetal F. orce, ii, 
150n. & /e 

Lens, Intenſity of i its burning, it, 282, departint 25 
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like a Priſtm, ti. 414. Axis bf, ni. 2 n. Ver- 
tex, what, ibid. Several kinds of, in. 2 1. What, 
and how many Zorts of, m. 19. Refraction by, iii. 
24. Double and equally Convex, Rule for finding 
its Focus univerſally, iii. 25. Convex, Remedy the 
Flatneſs of the Cornea, and Cryſtalline Humour, iii. 
40. Convex, Advantages of, iii. 41. The Imper- 
fection of its Figure, iti. 6 n. How remedied by 
the old 9 ibid. And how by Sir 1/ave Netv- 
ten, iii. 6 1. gui n 2 11 7 
Level 8. Diſtance, ii. 5 n. U. „ 
Lever, what, i. 161, Five Kinds of, i. 164. A Com- 
pound Pendulum, i, 173 n. Several Properties of, 
ibid. & ſeg. - Table of Powers, i. 179 n. | 
Libration of the Moon, what, iii. 120 n. F. 
Liburkun, Dr. Invention of ſolar Microſcope, iii. 86 n. 
Lifting Pump, Conſtruction of, ii. 56 n. An excellent 
one invented by 14. Geſſet and de la Denille, ii. 65 n. 
Light, Reflection and Inflection of, i. 38 n. What, 
ii. 267. The immediate Means of Sight, ii. 268. 
Remarkable Properties of, ibid.'''&. ſeg. New- 
tonian Theory of, ii. 270 n. Velocity of its 
Rays, ii, 271 n. Weight of inſenſible, ii. 272 n. 
The Particles of, have Magnitude, ii. ibid. 
Reflections from Bodies, ibid. & ſeq. Rays of 
reflected from various Mediums, ii. 396. Rays of, 
how Bodies act upon them, ii. 300 n. Reflection 
and Refraction of, how cauſed, ii. 301 n. Velocity 
of, ii. 3o3 n. Refrangibility of, ii. 313 n. Rays of 
how rede che, ii, 326. Rays of per a rare Me- 
dium leſs than a denſer, ii. 328. The Reflection of 
the Particles of, ii. 332 n. How variouſly diſpoſed to 
be reflected and tranſmitted, ii. 337. Velocity of un- 
known to the Ancients, ii. 273n. Rays of, how. 
many Sorts, ii. 7. . | 
Lightning and Thunder, how cauſed, i. 37 n. 
Line, what, i. 6. Of the Apſides, iii. 87. 
Load- Stone. See Magnet, 5 
Lok, what Angle the Gates of one. ſhould form 
with the Sides of a River, i. 228. | 
Longitude of a Place, how determined .by N Sa- 
tellites, 
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_ teflitas, i. 126. Of che Sun or Stars, what ili. 
257 . Of a Place, whats. ali. 2814 | 


Logarithmic Curve, its Nature inveſti ij. 250-n, 
Lunar Ecipſe, Abe af ring, ui, 1 3195 & ſeg. 
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Attn, my Ef AF 4 Mon, i. OY | | 
PerfeRtion of, i. 184. 
| Mu of, bow ame 3 i, 182 n. 103. 
Maria. „ee Spots, Danes 
Magic Lanthorn, what, iii. 
Tarte Effluvia, Metho. * rendering them ve, 
I. 44 n. Attraction, its 3 — i. 47n. 
Magnet, ſeveral" Properties of, i. 42, and i. 43 n. A 
ers par RY of, ibid: & feq: Different Powers 
of, i. 47 n. & /e 
Magnetiſm, In cev of abies by Tron Bars, i. 48" n, 
Several Methods of communicating, ibid. & ſeg. 
Mr. Hudac's' Experiment for recovering the decayed 
Virtue of Loadſtones, i. 50  * 
Magnets, how'to-make- artificial, i 75, & ſeq.” — 
W of Bodies, what, i. 6 n. Centte of, What, 
i. 148 (Cy 
Maps of the World, what, 8-209. Principles Philo- 
ſophical of, iii. 306 ee 
Matter | in all Bodies the ſame i. 4 n. | Different ariſes 
from various Modificttions, i 855 Exemplified in 
Water, i. 5 n. Figurapility a Property of, i. 8 n. 
Infinitely indie in à mathematical Senſe, I. 9. 
Mobility of, J. 10 Nit inet of, What, i; 11. 
Attraction * 1212. Repulion of the Particles 
of, What, i. 88 
Maxima and Me Ra, Exaiaples of, i. 228, n. and i, 
230.  Beey conſtruct their Cells by, i. A. 
Mebantetf Powerd, 1. 1. Why lo called, ibid. 
Michanites, 9 Principle of, i. 162; Not un- 
esc l, ho imagine the” Poſſibility of 2 
perpetual ee i, 152. Demonſtration of the 
6 Fundament Prin ipteby Sit Haac Newton, i; 167 n, 
Mechaniſm of the Parts of” Clocks and Watches, i. 


I 199 


wn. * feos te” Yo ho ©: Wo 


IN D E X. 


108 n. Of de Ninates and Seconds i in a Clock; i. 

197 n. Tannen! i. ol n. e 
mills, i. 219. 

| Mediterranean, Vapours: exhaled Soph, ü. a n. m. 

flux from the Ocean, whence, ii. 14 .. 

Mediums, Reſiſtance of, i. 312, & fe 

Meniſcus, my beſt in 'Curadiopric Microſcopes itt, 
50 n. Verses wha Ali. a9. 

Mercator”s Projection, what, iii. 309. Of f greateſt * ſe 
in 1 aT ibid. & ſig. 

Melody, an A, kee of 8 Notes, ii. 

255 Ky 

Mercurial Pump, A curious, one, invented by Mr. V. 
ſeins, and improved by Dr. De aguliers, it, 57 n. & 
9 Peculiar Manner. of working, ii, 38 n. Ra- 
tionale of, ibid. & . Its Structure plainly repre- 
ſented, ii. 6x n, . & 

Mercury in the Barometer indicates the vanti of the 
Air, ii. 125 n. A Table ſhewing its * and 
Deſcent, ii. 130 n. Mean Altitude of, What, i 1. 45. 
Weight 'of a cubic Inch of, ii. 150 n. 

Meridian, what, iii. 174. G what, ibid. Ho- 
rizon, what, iii. 174. 

Meridional Parts, Table of, for the oblate Spheroid, by 
Mr. Murdoch, iii, 313 n. \ 

Metals, Diſſolution » accounted "of i. 38 n. 

Meteors formed from Vapour, i. 34 n. 

Metonic Cycle, what, ii, 56. | 

Micremeter, what, and how conſtrufted, wii. $2 n, 
New Pocket one, iii. 5 Zn. Th of a new one, 
iii. 372. General Rationale of, iii. 372, & ſieg. 
Applied to the refracting or refleQing . Teleſcope, 
iii, 377. Its Application to refracting Teleſcopes 
leſs 1" li, 382. {able to ſome Objec- 
tions, iii. | 

Micraſeapss, f A gle, Uſe of, zii. 12. _ Several Sorts of, 
illyſtrated, il. 42 n. & ſeq. Single, focal Dis. 
tances of determined, iii. 44 n. Double, what, 
ii. 45 n. Catadjoptric, Conſtrucdion of, iii. 40 n. 
Reflecting or catoptric, Conſtruct on of, iii, 50 n. 


Power of magnifying eſtimated, ibid. & ſe, aur 
| ''; and 
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and univerſal; ili“ 5 3. eg Fin what, zii. 
30. Difference between it and the Magic — 
iii. 8 r. Common, Form of illuſtrated, iii; $8 
Two Forms of, iii. 86 n. How uſed, iii. 87. New 
one, iii. 366. Several Improvements in, & ſeg, 
Its various Parts deſcribed, iii. 368. Uniweral, 
elegant Conſtruction of, iii. 364. Os REY 
Mill, Conftrudtion of Dr. Barker's new invented one, 
BIB ff +6; fi iether; W 
Mills. Zee Water and Wind-Milk. .'. 
Mineral Springs, how cauſed, ii. 18 n.' | 
Mirrours, prodigiaus Effects of, ii. 287. The Power 
of Burning in M. Villette's, computed, iti. 288 n. 
What and how many Sorts of, iii. 19. Convex, 
Reflection in illuſtrated, iii. 20. Convex and con- 
cave, Rule for finding the focal Diſtance of, iii. 21. 
Mobility of Matter, what, i. 10. 
Modifications, various, form the Diffevence of Bodies, 
bo; n , in 3&2. 5% a 
Momentum, or Quantity of Motion, what, i. 92. In 
the compound Ratio of the Quantity of Matter and 


the Velocitics of Bodies conjointly, i. 9g. Genen! 


Expreſſions for, ibid. n. | 
Mon ſoons, various in difterent Seas, ii. 204 n. Their 
breaking up, what, ii. 205 n. _ Cauſes of, ibid, 


Month, periodical and ſynodical of the Moon, What, 


nu. II0 n. ö vl ' 
Alcon, hg Attraction cauſing the Tides, ii. gx . When 
conſpiring with that of the Earth, illuſtrated ii. gy. 
When that of the Sun is added, illuſtratedy ii. 94. 
And Sun, Forces of in raifing the Waters computed, 
ii, 102 n. The Elevation of the Waters in by the 
Earth eſtimated, ii. 110 n. Her Force only ſenſible 
on the Waters, ibid. Without any Atmoſphere, 
why, iii, 116 n. Has Variety of Mountains, ibid. 
Spots on, what, iii. 117 n.  Cavities, deep, ibld. 
Bright cireular Limb, why it does nat apptar jag- 
ged, ii. 118 n. Has no Seas or Lakes, ibid. Spots 
in, unchangeably the ſame, ibid. Periodical Month, 


What, iii. 110 n. Synodical, what, ibid. Phaſes, 


different, of, accounted for, iii. 120 n. Libration, 
What, iii. 120 n. Orbit and the ** 
1bid. 
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ibid. What Quantity of its viſible Surface illu- 
mined, iii. 121 n. Elongation of. what, iii. 121 n. 
Phaſes of ſhewrt by the Orre fl. 192. Dark Shi 
dow, what Part of the E 's Sur ace it involves, 
in. 195 u. Its Appearance in an Felipſc, to what 
owing, iii. 202 h. Motion of, ſimilar to chat of 
the Oc cean, i ach ben Farveſt, toe Hero Moon. 
Mem, deny a ow rr i. 11 . What, 
i. 88. Abſolute and relatiye, 1. Equallle, 
what, i. 89. 3 10 bn, 2 , ibid. 
Equable, ted, i. 85 "Accelerated, 
how produced, id; & fer init be 
how, 1. g1 n. Bodies projects 159008 ibid! 
locity of, what,” i, 91. Momen vantity of, 
i. 92. Firt general Law of, i 15 Second general 
Law of, i. 97. Third general aw of," i. 99, 103. 
Of Bodies Alena freely in Vacus, i, 108. Six 
Properties of, Ibid,” erde Sau arge oportional to 
the Time of the Fall, i, 109 he Spaces are as 
the Squares of the Times, id. Of Bodies deſcend- 
ing on inclined Planes and curved Surfaces, i. 111. 
Six Properties of, ibid. Deſcent in a reſiſting Medi- 
um, ibid. Circular, i. 1 32. Properties of, i. 136. 
Law of Gravitation at the Moon hence diſcovered, 
i. 141. Mechanical, the ſole Principle of, what, 
i. 148, Centre of, what, i. 148. . Perpetual, Impoſ- 
li of, i. 162 n. Of Fl to what owing, ii. 
f Sound, equable, 237 n. Of the Earth's 
Axis, phyfically . ili. . | 
* ir Samuel, inventor of a Barometer, ii. 
126 n. 
Meſes, a Paſſage Hon, how to be underſtood, iii. 96 n. 
Mountains have no Springs on their Summits, ii. 1 5n. 
How Vapours carried to their Ridges are diſpoſed of, 
i. 13n, Lunar, curious Problem for meaſuring the 
Height of, fil. 117 n. 
Mundane Syſtem, 11 n. & ſeg 10. "Lei, auguſt, from, 
w. 96 n. a es, babe of, how to be underſtood, til, 
n. 
Myfic, viſual, by an ocular Harpſichord, ii. 321 n. 
Myops or Purbliid Perſons, Peculiaritios f in, ili. 40. 


N 
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NV Day, what, iii. 123- Philoſophy, what, 
oh b 49) 3-vit: ori on remit range Tay! 
ature, moſt of the Phænomena in, accounted for by 
| Attraction and Repulſion, ts n. * 3 
Needle, dipping, what, i. 42. Variations of its Decli- 
| nation and Inclination, i. 46-0. | Variation. of ag 
. coun or, 1. | n. nne 1 . +44 4 
Nettleton, Dr. Tale of Experiments for the Altitude 
gef Mercury in the Barometer, ii. 133. heh 
Newcomen and Cowley, their Contrivance for raiſing 
Water by ne NU. tt n. v n 
Newfbax's Water-Engine with ſome Variation, ii, 45. 
p otion of the Water in, how, effected, ii. 49... Wa- 
ter-Engine, greateſt Artifice in the Contrivance of, 
ii. 69 n. Its Rationale, ibid. and 7 . 
Newton, Sir Iſaac, his Manner of accounting for ſeve- 
ral ſubterranean Phenomena by Attraction of Co- 
” heſfion, i..32. His Demonſtration of the fundamental 
Principles of Mechanics, i. ne n. Experiments with 
Globes to ſhew the retarding Power, I. 322\n. Ex- 
periments, Table of, i. 324 n. and 325 n. Theory 

of the Tides, ii. 98 n. His Theorem for inveſti- 
gating the Rarefaction of the Air at any Altitude, 
i1, 144 n. His Thermometer, ii. * 
ſtructed, ibid. Oppoſed by Profeſſor Euler, ii. 1059. 
His Hypotheſis about an elaſtie Medium büßen by 
le Sieur and Jacguier, ii. 225 n. His Explanation of 
the Nature of Waves, it. 229 n. More nicely deter- 
mines the Velocity of Light, ji. 275 n. Accounts 
for the Poroſity and Hardneſs of -Glaſs, ii. 294 n. 

His Table of the Proportion of the Sines of Incidence 
and Refraction in yellow Light, ii. 308 n. His Me- 
thod of determining the Refrangibility of ſeveral inter- 
mediate Rays, ii. 321 n. & eg. His Reaſons for the 
Reflection of Light, ii. 332 n. Fits of eaſ Re- 
flection and Tranſmiſfion proved by Experiments 
with two Priſms, ii. 237 n. Definitions and Pre- 
cautions with regard to the Doctrine of Colours, 
ii. 354 n. & ſeg. His elegant . the 
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Imperfection and _ in the common refraQting 
Teleſcope, ith, . The periodical Times 
of the primary ted by, iii. 105 n. Firſt 
inveſtigated. r — Motion of the Earth's Axis, 
ii. 170 n. | His aſtronomieal Pringiples of Chroho- 
logy, iii. 248. Determined the- ra of the | 
nauts, ili. 269, & f. 400 Dey 
Newtinian ' Syſtem, of \Cofitriticus\ fhould be fo 
called, iii. 103 n. rn 2 Compendium 


ef, ic 20g £0 ITT. Ki. L.A 
Mais, what, and why, {6 called Lie 29 0 b. Delete 
ibid. z bas. -e 


Notes, Muſical, Number * ethibieed;/6nd their Na- 
ture accounted for in Harpſicherd, A. 25 . i, 

Netiometer. See TR. 0 201 to wool, 

Mzchthemeren, whit, fil. 223. N99 c ano. 


MH 28H a3) * 
2 6 οοαοοι⁰,ẽ,jẽ etch 
44 NMS e 
O, of . Bln . alayrs what, is Gb and 
323 n. The Images, of,, ip various, & * 
mined, {ii. 12 n. T gore cl 9 

Oi ſcura, Camera, what n itt, 78. 

Occultation of Venus and M. Ts Ute of,” iii. 240 n. 

92 of Bodies accounted „1. 297 n. _ Where, 

l, 329. 

A. wh a Body is 0 called, | 1j 286, 29. 

tics, ' SubjeR of wks Uh a2. e Hen. 2 n. 
Principal Parts of, 

Orrery, what, i. aA An alequate Reprcſenuion of 
the Solar 8 ſtem, ii. 15 Origin ot, iit. 165 n. 
Principal Uk s of, iii. 168. By Peſſidanius, deſcribed 
by Cicero, iii. 166 >. Nn by, Severmus Boe- 
thinus, iii. 167 n. + Hemiſpherical, deſcribed, i. 
168 n. Large one by ir. ley, iti. 168 n. What 
Sort, the beſt, iu, 169 n. The Circles on, explain- 
ed, iii, 178 n. Shows the Variety of Scaſons, iii, 
179, & ſeq. The various Phaſes of the Moon, iii. 
192. Eclipſes of the Moon, ill. 192. Tranſits of 
Mercury, and Venus, ibid. by Mr. J. Neale, i. 204 n. 

Oſcillation, Oentre of in a Pendulum, i. 122. 

Otaconſtics, Inſtruments, why ſo called, ii. 245. 
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; 07 11 P . 
4.44 deferibed by a ProjeRile, _ : 10 
Properties, ibid. n. By Jet-d eaves, © its. 5 1111 Ts 
25 deſeribed by a Comet, ii. a n. Diurnal and 
Horary, iii. 20 n. 
hydroſtatic, Solution off. 267 5. | Remark- 
* able Proof of, F.. 280 n, 3 | 
arallax of the Sun, what hav determined, i. 
109 . Horizontal, the Moon's Diſtance from the 
Earth determined by, iii. x1 15 n. Found in * 
Start, ibid. & 15 DNL 
Parallel Rays 
Parent, Mr. n anne of de 
tical Sections, i. 47 n. 0 
Particles of F N ſolid Bodies, 1 | 
_ Mr. his Improvement in the Fire-Engine, k. 
7 n. 
eee; Doctrine of, i. 117. See Cycloid. Several 
. Uſes of, i. 123, 124 n. An univerſal Standard of 
: eafure, i. 124 n. Inconvenience, from Heat and 
"Cold, i. 125. Uſe of a curious one, i. 127 n. 
Compound, what, i. 173 n. Ws 
Pendent Barometer, See Barometer. | 
Peninſula, what, iii. 283. 
Penumbra of the Moon, what, iii. 194 n. Its Diane- 
ter at the Earth, iii. 195 n. 
Peribelion, what, ij. 109 n. Force of the Sun on Yi 
Waters greater in, ibid. 
Period, Dionyſian, what, iii. 247. ulian, what, ibid. 
Periodical Tunes of the Planets, a Table of, i. 203 h. 
Pirieci, who, iii. 282. Sage 5-7" | 
Periſcii, who, iii. 28 3+ 
Peritrachio. See Axis in Peritrochiq, 

Perpetual Motion, Abſurdity of ſhewn, i. 163 f. 
Phaſes, different, of the Moon, iii, 120 n. 67 the 
Earth ſeen from the Moon, what, ii. 122 1. 

Saturn's Ring, iii. 127 n. 
Phenomena, ſeveral, rationally ſalved by the Ars Gion 
of Coheſion, i. 24 n. Subterranean, accounted for, 


2. Of Capillary Syphons Of Glass 
Da. i. 38 n. Moſt of thoſe 1 ſolved by 


\ 


* U ww 


Attraction and Repulfion, i. 39 n. Particular, of 


the Tides explained, ii, 98 n, Principal, of Wind 
s | account 
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' accounted for, ji, 201 f. tineipal, of Sound. explains 


ed, ii, 225 n. Of Colours accounted for, ii, 265 n. 
Ok the Camera Obſctra,, ili. 81 n. the. Earth 
from the Mooh, hat, iii. 122 f. Of. 82 Pes 
prove the Cepernican S yſtem, iii. 137 n. & Se- 
veral, from the Motion of the-Earth's Axis, Wi, 170 n. 
Of a Comet moving in à Parabola, iii., 2¹¹ n. „Of 
the Harveſt Moon explained, Hi, a O 

Philzlaic Syſtem, Why ſo called. Hi, 4% n. . 

Philhſaphixing, Rules of, I. 1, & fog.. 

Philoſophy, Experimental, Buſineſs of, io b * Natural, 

what, i, 44. Mechanical, what, i. i. 224 n. on 

Ploſobori accounted for, ii. aon — 

Place, true and apparent, ſee Parallar. Audible, 6 
Sound, where, ii. 240. 

Planes, inclined, the Motion of Bodies deſcending ly 
. 1. See Min. Particulars, of demonſtzated, 
l, 172 n. 

meth Orbits, their Eccentricity. almoſt inlenüble, 
Ill, 152. J; 4 * 

Planets, Number of, iii. 103. Primary, 95 periadi- 
cal Times tated, Lit, 105 n. Inclinatian of their 
Orbits to the;Ecliptic, what, iii. 108 n. TargDi- 
ameters determined, iii. 109 n. & ſeg. Fs ob- 
ſerved. in, iii. 113 n. Three, have .their Satellites 
or Moons, iti. 114, 115 n. . ions and Op- 
poſitions of, ifi. 133 n. Their diffaent Directions 
an irrefragable Argument of the Solar Syſtem, ili. 
137 n. Mave round the Sun in elliptical Orbits, 
li, 143. Inluſtrated, ibid. Their Orbits quieſcent, 
ii, 144 n. Their anomalous Motion determined, iii. 
146 n. & ſeg, Motion every- where dle Law, ii 
14% n. Yet regulated by an immutable Law, ibid. 
Their Anomaly, what, and how found, iii. 103 n. 
Table of their periodical Times, i. 203 n. 

Planetarium, Theory and Structure of, i. 203 v. 5 

Plano Concaves form no Images, iii, 26. 95 

Platonic Bodies, Number of, what, i. 9. 

Plenum, Abſordity of that of Des Cartes = his rd. 
lowers, i. 1k n. 

Preumatics in Natural Philoſophy, what, 5 ii. 11 113. © 

Pilar Circles, u hat, ui. 176. | * 

Polyphonous Echoes, what, ii. 244 n. 


Yor, III. Ff 1 
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for, 11, 
Pofitonins, 5 of deſcribed by Cie bi, x66 n. 
Power of Attta What, 1. 14. Attraction. 
| Binnen of 3 1. 47 n. Of EleQricity, 
Ys what, and how excited, i. 69. Mechanical Number 
of, i. 161. Of the Wedge demonſtrated; i i. 172 n. 
Of the Lever-Table, for, i, 179 n. Simple, com- 
bined in compound Machines, i. 180. Of Clocks 
and Watches, i. 189, ſee Clocks. Retarding, whence, 
J. 316 n. That by which Light is _— ka re- 
| fracted, 11, 335 Ns 
Precipitation, how accounted for, i. 36 n, 
Prime, vertical, what, iii. 268 n. "7 
Principle, fundamental, of Mechanics, i. s of 
Hydroſtatic Proceſſes, i. 271 n. * 
| Pri riſmt. See Colours, © 
Problem, curious, ſolved and demonſtrated, ii. 152 n. 
Several uſeful Ones in Hydroftaticks, i. 303& ſe. 
How Glaſs poliſhed by fretting Subſtances can re- 
flect, ſolved, ii. 334 n, Curious, for finding the 
| Height of a lunar Mountain, iii. 117 n. Several, 
ſolved by Fu 2 Satellites, ili. — n. By Dr. 
ry from Yenus's appearing in the Day- time, ii. 
135 n. Famous, propoſed d Kepler, iii. 161 n. 
o determine the Ratio of eat which any Place 
receives from the Sun, iii. 184 n. For finding the 
Heat of any Day, iii. 184 n. & ſeg. Several, on the 
celeſtial Globe ſolved, iii. 268 & ſeg. On the ter- 
reſtrial Globe, iii. 284. Geographical, by Trigono- 
metry, iii. 306 n. 
Preſſes bf F luids from their Gravity, i i. 254. Centre 
of, what, i. 265 n. Eafily conveys them through 
Syphons, i ii. 11. Cauſes the Riſe of Water in Wells, 
Ii. 16. Of the Aira Cauſe of the Motion of Fluids, ii. -39 
Of Air on the Body of a Middle-ſized Man, what, i 
148. How counter anced, ii. 49, Effects of, hay 
Projectile, what, i. 129. Acted upon by two Forces, 
I. 129. What Line it deſcribes, i. 130. Different 
Amp itudes of, i. 130. How it deſcribes a Para- 
|  boka, ibid. a 
Projection the horinontal Random of, i. 129. Ortho- 
N graphic, 


„ 


IND EX. | 
graphic, of the Sphere, Ti, 306 ni * Stete6graphic, 
mn. 307. Globular, What, iii. 2866 3. 
Proef-Spirits, beſt Method of trying; i. 1838 .. 
Properties, common, of Bodies, what, i. 6. Of Mat. 

ter, i, 8 ns Several, of Magnets, i. 42, 43 n. Of 
Cycloid, i. 127. Several, r 
229 & ſeq. Of Lenſes by Refraction; iii. 24. 
Projortioii, harthonical, what, yi. 236. See Ratio, 
Proportional Balance, what, i. 169-n,. 
Flolemaic Syſtem of the World, what, iii. 87. 
Pullies, what, i. 165. Particulars of, l. 170'ng 
Pulſes, aerial; what, ii. 228. Several Properties of 
Il. 229. . „ * l 
Pump, * Effect of, ii. 44+ Shewh by a Model 
of one in Glaſs, ibid. General ule for, ii. 5A n. 
Foreing, Conſtruction of, ii. 56 n. Lifting, how 
conſtructed, ibid. Mercurial, a curious ohe de- 
ſcribed, iii 57 n. Liftingz excellent ohe at Paris: 
ii, 65 n. Greateſt Height, a ſingle one will raiſe 
Water by a Piſton, what, ii. 67 n. Compound, de- 
ſcribed, li: 74 n. Not practicable by few Men, or 
| Horſes, ii. 75 n. Eaſy by Steam, ii. 75 h. & ſeg. 
Purblind People, to hat owing, iii:.39. -Pecularj- 
tw i RES e 
Pyrometer deſeribed; iti. 125 n. Table of Expanſion 
of Metals ſhewn by, iii. 12b⁸ 199. 
Pythagorean, or Copernican Syſtem, iii. 97. Why ſo 


% 


called, iii; 102 n. 


PRE 


. 

Uadrant of Altitude, what; iii. 277. y tht 
uantity, how generally denoted, i. 7 1. 
- "i . b TE * 


N Andem, horizontal, of Projection, what, i. 129. 
Rainbow, natural Cauſe, what, ii: 367 i: Piffe- 
rent Affections of this Pfænomenom ' illuſtrated, ji. 
68 n. Mathematical Pripciples, on which- this 


6 » 2 0 q 
| Phznomenon depends, ii. 3 


n. 1 8 

Rains, why a Part of the Sea (6 called, jj. 102 n. 
Rarefaftion of Water, ſhewn by the olipile, I. 90. 
Of Air in the Recipient of an Air- Pump, ii. 195 n. 
Ratio, what, i. 6 n. Simple, what, ibid. How'ex- 
preſſed, i. 5 n. Diverſity of, ibid. Duplicate, what, 
ibid. Triplicate, * ibid. Of ptojectile Force 
1 2 in 
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ina Circle to that ina conie Section determined, bt, 


153 n 
Rationale. o fifty Experfmenty on the "AirdPum, i, 


5 | 

Rae Ares, Refrangibility ef, "I 301 & * Be. 
fracted, appear in th ir proper Colours, ii. 378. Se- 
paration of by a Lens, ii. 314. Particular Degree 
of Refraction in each, ii. 315 n. Parallel, what, 
iii. 8. e ing, "what ii; 10. Diverging, 
what, in. > Falle, on a plane Speculum, how 
reflected, mg 21. 

Reading: Glaſs, Nature uh Al, 38. General 'Uſe of; 
to what owing, iii. 41. 

Reciprocating Springs, ſee Springs. 

Reduplication of Sound, fee Sound, by | 

Reflefting Teleſcope, ſee Teleſcope. W og 


po] hy >» 5 > 


Microſcope. © 1 
Reflection and Infle gion of Light accounka for, i. 38 n. ' 
Of Light, its Cauſe, ii. 336 n. Particular Manner 
of unknown, ibid. See Lrght. h 
1 the particular Degree of every Species of { 
ays, it. 315 n. To what owing, il. 336 n. In vt 
' Curves of the conic Sections demonttrated, i iii, 18 n. : 
See Light. * 
Refractive Power of the Air how determined;'i ii. . 309 n. 940 
& ſeg 
Refrain of the Sun's Light accounted for, ii, 313 _ 
n. Of ſeveral intermediate Rays determined, ii. has 
321 n. | Sea- 
Refrangible Rays, what, iii. 72 n. See Rays. 2 
Reguler Bodies, i. ꝙ n. 5 I 
Relative Force, what, i. 22 n. Weight of Bodies, Seaf 
what, i. 85 n. Motion, what, i. 88, 89 n. 1 2 
Renitency of the Air, what, ii. 128. b 
Repulſion, what, i. 13. Difference between it and At- ch 
traction, ibid. n. In the Air, its Force, ii. 135 n. vg; 
Reſtitutive Force of a String, what, ii. 236 n. | * 
Retarded Motion, what, i. 89. gun 
Retina, what, iii. 29. 180 Shad 
Rhumb-Line, what, i'i. 312 n. ; p. 
Ring of Saturn deſcribed, iii. 124. Sometimes obs Shar 
ſerved double, iii. 128 n. * Sort 


Rivers, great, how formed, ii. 15 n. 


Ri: * 
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Riſe of Fluids, by What cauſed, ii. 2. 
Notation, diurnal, of the Earth, wy n. 4 
Rowley, Mr. his large Orrery, ini. 1 2 ole 
1 Mr. Inventor of the Compound Barometer, 
il, 1206 n. ABA IHE 0 
Rule, general, concerning Pumps; from the "Va 
ii. bj n. For finding * focal Diſtances fp nas 
and concave Mirrours, iii. 21. For finding univer- 
ſally the Focus of a Lens, iti. 25. Of philoſophie-- 
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— 


f 


ing, i. 2 K yr. 


. 


8. an 

K of a Wind-Mill in the Form of elliptieal See- 
tors, ii. 217 n. Beſt Poſition of, i. 219. Theory, 
&c. of, i. 220 n. © X 157 

diling, the only true Way of, iii. 306 n. 12 

Satellites of Jupiter, Times and Diſtances of their Re- 
volution, iii. 120 & ſeg. Firſt diſcovered by Gali- 
leo, iii. 123 n. Phaſes of illuſtrated, iii. 124 n. Re- 
volve about their own. Axes, ibid. Noble Problem 
ſolved by, iii. 125 n. ö | 

Saturn, his five Moons and ſtupendous Ring deſcribed, 
iii, 124. Different Phaſes of the Ring, iii. 127 n. 

Savery, Captain, Account of his Fire-Engine, ii. 74 n. 

Scale, diatonic, of Muſick, what, ii. 254. Wo 

Screw, what, i. 166. Force of, i. 173 n. Archime- 
dec s, for raiſing Water, deſcribed, it. 66 n. 

La, what, iii. 283. ä 5 

dea- Gage, . Deſcription of, ii. 139 n. How uſed, ibid. 
& ſeq. New Form of for Depths deſcribed, ii, 
141 n. 

Seaſons, Variety of, whence, iii. 178. Various Ap- 
pearances of, how cauſed, ii. 179 & ſeg. Shewn 
by the Orrery, iii. 179 & ſeq. Accounted for by 
the Earth's Motion in its Orbit, lit. 180. 

Sim of the human Eye, iti. 27 n. 

demitones, ſee Scale of Muſick, 

Semi-tychonic Syſtem, what, ili. 101 n. 

Shadow, dark, how eſtimated, iii. 198 n. Partial, ſee 
Penumbra. | | 

Sharps, ſee Tune. eg: 

Soortfghted, fee Purblind. 


Simple Ratio, what, i. © n. wy wy 
5 Sine 
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: | 
Cine of every Degree; Table of correſpondent Partz 
far, i. 226 p, - Of the Angle of Incidence and Re. 
fraction, Method for finding; ii. 304 n. & jeg... Of 
Incidence and Refraction in yellow Light, a Table 


of, 11. 308 n. 


Slare, Dr: his remarkable Experiment to produce Air, 


A. 11 . ui . 5 + 444 | 
Smith, Dr. his catoptric Microſcope, iii. 51 n. 
Solar Syſtem proved to be true; iii, 129. Teleſcope 

and — ſee Teleſcope and Microſcope; 
Soldering accounted for, i. 33 u. 3 
n., i. 4. 
dity, what, . 4 55; Ko het 
Solftices or Solſtitial Points, what; iii. 175 
Sounds, what, ij. 215. How propagated, ibid. Prin- 

cipal Phænomena of explained, ii. 225 n. & ſeq; 

Diſtinction of, whence, ii. 231. Utmoſt Limits of, 

what, ii. 232. Velocity of, ii. 233. How far au- 

dible, ii. 233 n. Real Velocity of inveſtigated, ii. 

236 n. Table af different Eſtimates. of, ii. 237 n. 

Motion of equable, found by various Experiments, 

zi. 237 n. Table ſhewing it, ii. 308 n. Accele- 


ration of, depends on the Wind, ii. 240 n. Single, 


Sonorous Body, how it agitates the Air, ii. 232 n. 

Spectfic Gravities, Table of, i. 290 n. & ſeg. 

Spefacles, concave, Uſe of, iii. 40. Convex, Advan- 
tages of, iii. 41, Common, Fault of, in; 398, Dif- 
ference between them and viſual Glalles, iii. 400. 


Speculum, convex and concave, iii. 75 n. Curious Pro- 


rty of, iii. 9 n. | 
Sphere, Property of in Glaſſes, iii. 17 n. Of Attraction 
proved hy Experiments, i. 22. Of Archimedes, de- 
ſcribed by Claudian, iii. 165 n. & ſeg. Right, what, 
iii. 261. Parallel, what, iii. 236. Oblique, what, 
iii. 265. Projection of in Plano, what, iii. 293: 
Orthographic Projection of delineated, iii. 30b n. 
ſeq. Stereographic Projection of, on what Principle 
depending, iii. 308 n. | 
Spirits, Proof, beſt Method of trying, i. 283 n. 
Spots in the Sun firſt diſcovered by Galileo, iii. 111 n. 
Some of conſiderable Magnitude, iii. 112 n. Pro- 


portion of their Surface to that of the Earth, ibid. 
Irregulat 


IN D E. and 


1 Appentunce of, and what, HED 
ſerved in the Planets, ibid. Uſes of, i 

Spring, how ce. wk, 912" Tide, T TM 
pening, ii. 95. 

Springs, how Noppiiel Vieh Wie, I; 5. Ts what 
owing, ii. 8. See Fountains. ' Intermitting and re- 
eiprocating, accounted for, ii. 11. Single, how 
formed, ii; 15 n. Three Sorts of, ii. 16 n. Re- 
ciprocating, how produced, il. 16 n. Odd Phæno- 

menon of aceounted for, ibid. e AC- 
counted for, ii. 17 1 io 

Standard, unjverſal, of Meaſure, what, i i. 124 n. 

Star, riſing or ſetting coſmically, what, iii. 260. Ric- 
ing acronically, what, ibid. Riſing and ſetting he- 
liacally, what, iii. 261, Why appear and diſappear, 
ii, 262 n. Fixed, Diſtance of, ii. 263. Apparent 
Magnitudes, to what owin wing iii. 264 n. Nebulous, 
what, ibid. Twinkling of, to what owing, ill. 265 
n. Small ellipt.c apparent Motion of, ibid. To 
what owing, iii. 266 n. & ſeq. 

Steam, Watet raiſed by, ii. 74 n. Rarity of, ii. 76. 

Steel, Manner of hardening, i. 729 n. 

Stentorophonic Tube, why. ſo cata, | ii. 246. Strufhure 
of explained, ii. 247 n. 

Stereographic Projedtion of the' 8 phere, wha, iii. 3o8 n. 

Strait, what, iii. 284. 

Strings, muſical, ii. 251. Elaffic, the. Motion and 
Tone of accounted for, iii. 255 n. See Vibrations. 

Subterranean Phænomena accounted for, i i. 37+ 

Sucking Pump, the common, explained, ii, 50 n, 

Summer, Middle of, 'when, iii. 189. 1 % 

Sun, Revolution about its Axis determined, ii. 1121, 
Demonſtrative Proofs for its being the Centre of the 

true Mundane Syſtem, iii. 132, & ſeg. Nearer the 
Earth in Winter than Summer, iii. 145 n. Appa- 
rent Motion quicker, ibid. Eclipſe of, how calcu- 
lated, iii. 192. Times of entering the Equinox de- 
termined, iti. 225. How appears to move round The 
Earth, iii. 186 & ſeq. | | 

uper ficies, what, i. 6.4 | | r 

3 Month, ſee — * N n 

ntbeſis, in Natural hiloſophy, 1 i, 4 n. 
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Sent, What, ii, 2. Bent, accounted for, ii. 10 n. 
Nature not underſtood by the Ancients, . 
„pillary, Phænomenon of accounted- far, i. 35 u. 
Siem, Mundane, what, iii. 94. Of the World, three 
dgdelebrated ones, iii. 96. Solar, true one, What, iii, 
- 128, & /eq. Retommends itſelf from right Reaſon, 
iii. 130n. Demonſtratively proved by the Conjugc- 
tions of Aercury and Venus with the Sun, iii. 132. 
8 dg the N and f 3 
_ «Mars, Jupiter, and Saturn, ili. 134. By the preat- 
- N of Mercury done Hi, : 37. — 
ther Proofs of, dii. 144 ey. Adequately repre 
ba, ſented by the Ortery, Ut — bo 44 4 " AY 
0 01995 br dünn ee 


a 


. 


les of Weights to ſeparate the Cohtſion of various 
*#Bodies, i. aon. Of Experiments on various Fluids, 
- 28 n. Of Powers in the Lever, i. #79 . Of 
correſpondent Parts for the Sine of every Degree, i. 
226 n. Of ſpecific Gravities, i. 290 n. Of the 
Height to which Jets riſe, ii. 27 n. Another aſcers 
tained by various Experiments, 28 n. Of Experi 
ments for finding the Power of Fire- Engines, il. 84 
n. Of the different Altitudes of Mercury in the Ba- 
tometer, ii. 133 u. Of Altitudes for Mercury. or 
Water, 139 n. Of Degrees of Heat in Sir Wear New 
ton's Thermometer, ii. 185 n. Of the equable 
tion of Sound, ii. 238. Of Meaſures, ii. 352 n. 
the Longitude and Latitude of a Comet, iii. 28 n. 
Of the Conſtellations, iii. 257 & ſeq. Of Arcs of 
the Meridian to the Spheroid in Minutes of the Equa- 


1 4 


tor, iii. 203 n. | | 

Tails of Comets, how found, ini. 219. £ ih 
Tantalus,” what Kind of Syphon, and why ſo called, it 
n.. e 45; % 5:6 VI 
Tautslogical or prattling Echocs, hat, ii. 244% 
Teleſtope, how many Sorts of, iii. 55 Refracting, 
| nſtruction of, ibid, Power of Magnifying, iii. 


54. Common refracting, the n of, to 


what owing, iii. 55 n. Refracting, Effect of % 
concave Eye-glaſs inſtead of a convex one, what, ili. 
56. Diſadvantage of, iii. 58. Advantage oh, v4 
ne A O. 
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60. Galilean, what, iii. 63. Cata- dioptric or Re- | 
flecting, Excellence and Mechaniſm öf, iii. 64 Ae- 


rial, why fo called, iii. 65 n. Brightneſs of an 


culated, of, iii. Gregorian, by Sir Iſaac Nu. 
ton, iii. 76 n. ata-diojieric Power of m of, . 
iii, 77. Solar, what, iii. 84 n. How . 
A new reflecting one deſcribed, 369 & ſeg. 

Thames, Quantity of Water paſſing daily chrough eſti 
mated, ii. 13 t. 

Thermometer, what, and hoc) hiin ted, ii. 180. Tts 
Uſes, ii. 181 n. With Spirits of Wine, it, 181 n. 
With Linſeed-Oil, ii. 182. Of Farenheit deſcribed, 
ibid. Curious, ConſtruQion of by the Earl o Ca: 
vendiſh, ii. 187 n. 

Theory of the Sails of a Wind-mill, i. 220 n. - Of 


demonſtrated, ii. 45 n. - Of the Tides illuſtrated, 
= Of the Compound Barometer, ii. 128 n. O 
ind-mills, ii. 212 n. Of Bellows, 217 n. Har- 
monical, rendered more general, ii. 216 n. Of Lig , 
ii, 270 n. Of Heat and Cold illuſtrated, il. 282 n. 
Of Compounding and decompounding Colours, ii. 
363 n. Of Viſion, iii. => Lunar, explained, 
ui. 319 & ſeg, Of the Sun, Earth, Jupiter and 
Saturn, iii, 356, Of a new Mierometer, lit. 372. 
Dunder and Lightning, how cauſed, 1. 37 n. 
Tides, Theory of, ii. 91. Of Flood and Ebb accounted 


nal, accounted for, ibid. To what aſcribed b * 
Ancients, ii. 98 n. Phænomena of, agreeable 
Experience, ii. 109 n. | 
Time, what, iii. 222. Meaſured by the Motion of the 
; heavenly | Bodies, ibid. Subdiviſions of, iii. 223, 
Britiſh, Account of, iii. 240. The Emendation we 
uſe not ſufficient, and why, ibid. Equation of, ho 
2 made, iii, 235, - Not meaſured equally * any nay 
1 tural Body, ili. 236. 
to Inades, why ſo called, ii. 202 W . 
Iirricelian Vacuum exhibited, i. 64 & Jer. aww rad 
Experiment, what, ii. 125 mn. © 
Torrid Zone, ſee Zneee.. 0G 2 
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for, ii. 95. Autumnal, accounted for, it. 96. Ver- 


Obj ject i in, 1 . 68 n. HH ens Table cal- 


Wheel-carriages, i. 229, 235 n, Of Pump-work 
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er Phenomena of capillary, 


e | Argawentboryi. g 0. - The Dees 
f qtion, 
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en „ Various Countes.of in different Seas, . 
03 e e. * 0g. 


T What, ii. 290. 
1 his Form of a Diviagal, 
His Wates-beliows, ii. 249 u. 
e what 7 8, i 
Toficsy: what, Ki, ** e | 
rumpet, Speaking, . a 2, ji, 142. 
accounted for, i. 4 n. 
e d, en what, is 105 W. 
ter raiſed in by a Wei i- 268 n. 
Tune, derived from aerial Pulirs, ij. 2 50. 
2 Fs what, iii. 48 n. 
r to-what owing, iu. —y 
Teelnt yſtem, What, ui. 97. 1 
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i. 14 u. Abſurdity of Des Carter's Ple- 
num, ibid. ee, ae i. 86 Os de 
„ Air-pump, 1 755 77% 
Vas, the beſt Bad A t 
Variatian of the Negdle accounted for, i. $4 n. De. 
yn; s Hypatheſis, ibid. & ſeg. 
Vapour, Quaxtiy © 11 from the Sea by Heat, 


ii. 12 n. diterranten and „ U. 13 n. 
Driven % * Winds to the Ri of the Moun- 
tains, ii, KA A. The Matter of | Meteors, i. 0 n. 


Vegetation necounted far, i. 35 . 
lahain of Motion, what, i, G1. ot a Jet 4 lan de- 
monſtrated, ii. 25 Of (the Wind, it, 210 n. 
\ Real, of Sound inveRigated, ii. 235 n. Miſtake of 
the Academia del cimante, ii. 238 n, Greatest Diffe. 
rence in, 240 n. Stypenduous, of Light, ii. 258.70 
Feuus, Accoung of, iii. 134. armee 2 
time, Ml, 1 35 n. * 75.4 
ſtrongeſt, ii. 90. | 
A es La 
ibrationt of à String, t. li. 25 n. N 
L Men. Mr. bis Mirror, ii. 2 
on, how formed in the Kye, iii. 


Didiock ae 


e. * id. 31 n. 
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remote Objects, whatz-50. 30 n. dien Cauſes 


bf, üi. 33 4. M fe. In refrafiting/ Inftrumenns, what 


the Obſtacle to, ii. 73 U. i b in Mi- 


_  croſcopes an how iz 85 
386. Promoted by à Compoſition of. . 


389. . t 0 DU eee nee 
Vis Inertia of Matter, what, i. 11. Ariſes:\froi its 
- Shu iſhne(s, not Gravity bid: 429540 NN N 
Univerſe, what, iii. 5 .. s ef 
lic, paling through a. Tube ar Trumpet, angmented 

by Reflehon, fl. 3+ 1H d an l 129 

e eee en bavesd vu 


W man ew 
JJ #icker 3nd Clocks, the” Posen i. 189 
chaniſm of the'Parts of, I. 190 m & figs 2" 

Water, how made a Standard by the Hydrometer, i. 
286 n, How conveyed to Springs, ii. 5, Motion 
of in Rivers and Canals, to hat ing, iir Riſe 
ing in Wells accounted for, ii. x7 no g. Me- 
thod of raiſing by Neat and Cold! anty;:.it. 68 n. 


How raiſed by Steam, ii. 74 n. The FaroeFof Sun 


and Moon for raiſing, computed: vi 10 41 Pro- 
digious Rarefaction of, i. 917 Elevation of by the 


don, ii. TI095 - 2 + Mee 


Mater-Bellous, new Invention of by Mr. Tivewald, 


deſcribed, ii. 219 nn: lf 2 
Water-Engine, fee 'Nes and ERNR,jỹꝙ . 
Water-Mills, Parts of, I. 200. Mechaniſm depending 

on ſeveral Principles, i. 20 u. Ar the Bars Pool in 

Marwiclſbire, i. 208 n. Calcalatidn of the ſeveral 

Parts of, i. 209 n. . 'Ladle:bvards" on the 

Wheel the greateft Effect of the Wator dag f. 212 u. 
Dr. Barker's, i. 215 nn er iy 
IVave or Pulſe of Air, what; il. 228 n. 59909 
2 what, i. 166. — — 8 n. 

eight, abſolute, of Bodies, what, i, 84'n. %. Re- 

lative, what, i. 85 Savant *% — 1 
Wells, Riſe of Water ingaedbumted for d Wan Depth 

of, analytically.nv pH; Ames. f 
Iheel and Axle, what, i 16% Particul df on. 
Ladle-board on, i. 212 hl Hor tbpſtru sta ibid. 

Impulſe on, 4. 214. Barometer deſtiſbel Fu. 172 n. 

3 Carriages, 


80. Me- 
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EE Free., in, biber. | 
fn n. Principal Advan 
c ſmall — Þ 880 n. 


e Mr. his Clock 22 N an inclined Plane, 
2 7 * 
— 5 Sola! 
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augen 8. A » cha 
7 0 t, ii. 3 * 2 
„What, 11. my Phenomena of ii. 201 n, How. 
— ii. 200. ffects of M. nos In the Tor- 
rid an „ Upon Land; ii. 2 
Vel * ng mg Velocity of, en 
＋ 75 De am, ii. 2 I n. 7 dice of on the Falls of 
nd-mill, computed, 11. 215 n. 
| 25d Inſtrumenta, Variation in the Tone of, ii. 252. 
Wind- Mills, I heory of, ik} 212 n. Mechaniſm of, 
Th 1. 219. Beſt Poſition of the Sails; i. 219. 
Y of, i, 8 n. Beſt Form and Poſition of, 
Pp ing to Parent, i. 223. 
inter, dow the EleQiicity of the Atmoſphere may be 
e ed. in, i. ne Il. 95. Middle of, 
+). Mt 1 
rain, Nene of, three, | ith, 96. 
4 l 1 | 
Eg grand Meaſure of Time, iii. 222. What, ii. 
223. Periodical, what, 224. Tropical, what, 
ibid. Beginning of determined b Obſervation, iii. 
225+. Tropical, Length of calculated, ibid. Civil 
Lunar, what, iii. 228, Civil 8 what, ibid, 


SY. f | Z. | | 
2 ge; what, iti. 775 
Zone or. Belts, 977 e wha, li, 114 n. Tem- 
perate, what, nie 1 ＋ orrid, what, ibid. F rigid, 
what, ili. 1.7 K 
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